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I. INTRODUCTION
Architects and engineers, throughout the world, have been developing and
adapting a number of fire-safe design techniques to create structures embodying
tot~l steel concepts. The steel-frame building sheathed in steel is no longer an
architectural rarity.
As acceptance of exterior structural steel has grown, a considerable body of
test data-that supports fire protection designs for such structures-has become
Wliversally available.
Fire protection of exterior structural steel is based on fairly simple principles,
and the code requirements are, essentially, consistent with those already estab-
lished for interior structural members. Although the fire exposure for exterior
steel is different (and usually less severe), the use of limiting temperatures
similar to those specified in ASTM Standard E-ll9 (Standard Methods of Fire
Tests for Building Construction and Materials) is equivalent to the design limits
for interior members.
For interior structural members, fire-endurance ratings have long been established
by Standard Fire Tests (ASTM El19) in which representative specimens of the
structure are exposed to a "standard fire" of controlled intensity and duration.
On the other hand, no "standard" fire tests are available for exterior members.
There is little likelihood that such tests will ever be devised since fire exposure
for exterior members is affected by so many variables. This is the principal
reason for seeking rational engineering methods to evaluate fire safety for exterior
structural steel. It goes without saying that the development of computer tech-
nology also played a significant part in the search for new evaluative methods.
Basically, all the accepted methods are analytical. Nonetheless, results have been
confirmed and supported by an impressively large body 'of test data from countries
where exposed exterior steel structures have been built.
As to the reference data, these derive from a large number of tests. Some were
run in order to obtain approval for particular building projects. Many more were
run, in laboratories scattered around the world, for general investigations. These
studies investigated fire intensity, flame projection, and other aspects of fire
behavior having particular relevance in establishing a methodology for fire-safe
design.
In the recent past, we have witnessed a reduction of this wealth of information
into calculable design parameters, and the development of rational calculation
procedures for determining passive fire protection for structural systems.
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In 1974, the Constructional Steel Research and Development Organization
(CONSTRADO) of England commissioned Ove Amp & Partners to prepare a
detailed teclmical report setting out the most plausible models of flame projection
from openings in building facades and the methods of calculating heat transfer
from fires to exterior exposed steel columns. The report and an accompanying
calculation method were completed in November 1975. In July 1975, the Sub-
committee on Fire Teclmology of the Committee on Construction Codes and
Standards of American Iron and Steel Institute commissioned a revised major
extension of Ove Amp's work, and a two-volume report was completed in
January 1977. This GUIDE, edited and arranged for ready reference by building
professionals, is a condensed version of the 1977 report. It presents step-by-step
discussions, analyses, and procedures for designing fire-safe exterior structural
steel. Briefly summarized, the steps are as follows:
-Defining the room or burning area dimensions;
-Defining the combustible fire load;
-Determining whether fire intensity is controlled by fire load or room ventilation;
-Determining the rate of burning;
. -Determining fire temperature;
-Determining, by charts, flame height, flame depth, and flame length along its axis;
-Determining flame temperature at point of impingement or nearest proximity
to steel member;
-Calculating heat transfer 1) from fire compartment to steel, considering radia-
tion, 2) from flames to steel, considering both convection and radiation, and
3) convection, radiation, and conduction from steel to surrounding air and
other steel framing elements;
-Determining the temperature of the steel at the critical point.
Important contributions to the original studies and the present book were made
by many more than it is possible to identify. But special thanks are due to
Margaret Law and Turlogh O'Brien, of Ove Amp & Partners, for their work in
developing the procedures and preparing the original report on which this
GUIDE is based. Appreciation is also expressed for the teclmical assistance of the
University of Maryland Department of Fire Protection Engineering faculty in the
preparation of this GUIDE.
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II. EXPLANAnON OF SYMBOLS
UNITS
SYMBOL MEANING AMERICAN METRIC
AF Floor area = DxW ft 2 m2
As Perimeter of steel ft m
AT Total room surface area
= 2AF + 2H(DxW) - Aw ft 2 m2
Aw Window area ft 2 m2
D Depth of compartment ft m
d Dimensions, side of steel ft m
E (Awrl~ lb/min ft5/2 kg/sec mS'2
e Base of natural logs
f R R u depending on draft condition_ or -+_
Aw Aw 26
G Fire load density Ib/ft2 kg/m2
g Acceleration caused by gravity ft/min2 m/sec2
H Height of compartm~nt ft m
h Height of window ft m




K Significant wall height above the
opening ft m
L Fire load lb kg
Q Distance along flame centerline from
window ft m
m Flame plume radiation factors
n Dimensionless ratio 2w/h ft m
P Actual wall height above the opening £t m
Q R lb/min/ft kg/sec/m--~
q Heat balance terms independent of
steel temperature.
R Rate of burning lb/min kg/sec
r -JAw/2rr ft m
Sf Distanc~ of column from radiating
surface ft m
T Absolute temperature R K
u Velocity ft/min m/sec
W Width of Compartment ft m
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UNITS
SYMBOL MEANING AMERICAN METRIC
w Width of window £1 m
w Width of the radiating surface £1 m
X Centerline distance of flame tip from
window ft' m
x Horizontal distance of center of flame
tip from window £1 m
x,y Ratios for determining configuration
factors
y Total height of flame above the bottom
of the opening ft m
z Vertical distance of flame above top
of window £1 m
Q Convective heat transfer coefficient Btu/ft2 minF kW/m2
(3 Emissivity of fire in the compartment
0 Effective horizontal distance of column
from the opening ft m
E Emissivity (dimensionless)
¢ Configuration factor (dimensionless)
p Density Ib/ft3 kg/m 3
a Stefan-Boltzmann Constant
2.86 X 10-11 Btu/ft2 minR4
5.685 X 10-11 kW/m2
T Fire duration min sec
TF Free burning fire duration min sec
A flame thickness £1 m
11.
AT £1- 112 m-1I2
Aw-Yh
til L Ib/ft2 kg/m2
-JAwAT
a, f),o,s,z These subscripts denote ambient,
fire, local, window plane, steel,
and flame, respectively
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ill. DESIGN GUIDELINES ANDCALCULAnON PROCEDURES
\1MENTARY
PROCEDURE A
Dimensions of Room and Fire Load
Fire Behavior
Fire in a structure undergoes four stages of development: incipient, growth, full
development, and decay. After ignition, an incipient fire ensues, usually involving
one item of furniture. As the fue develops, it undergoes a rapid growth phase,
generally referred to as flashover, that is, the simultaneous fue involvement of all
combustibles in a room (compartment). The rapid growth phase is followed by a
period of full development, lasting until the fuel in the room is consumed. The
fully developed phase, often called a postflashover fire, leads into the decay phase,




The four stages in the development of a fire in a room or compartment.
The time-temperature graph shows the four stages of development in a general,
room fire. Most structural damage occurs during the fully developed, or post-
flashover, phase. Temperature of the room fire is determined by two factors:
(l) the geometry of the room or compartment and (2) the combustible material
in the room or compartment. The latter is referred to as the fire load.
Dimensions
Room dimensions control fire behavior. In particular, the size of the window
determines the amount of air available to the fire. Thus, width wand height h of
the window openings in the room are important input parameters. Other equally
significant geometric relationships include the ratio of room depth to room width,
and the total surface area of the room, i.e., floor, ceiling, and walls. Thus, the




The most important aspect of fire load is the amount of heat given off as the
material or materials bum. When comparing the heat given off by different
materials, it is customary to convert amounts of that substance into equivalent
amounts of wood capable of producing the same amount of heat when burned.
As a matter of convenience, fire loads are expressed in pounds (or kilograms) of
the weight of wood. While this is an approximation, comparative experiments
have shown that it is acceptable for typical building furnishings and contents.
Thus, fire load may be described as the total wood-equivalent weight of combustibles
in a room or compartment. Fire-load density is the amount of combustibles per unit
floor area in pounds per square foot.
To simulate the worst condition, let us assume that the fuel bums uniformly
throughout the compartment. In this situation, if ventilation is relatively low (e.g.,
a small window area as compared to floor area), the fire will bum slowly and the
heat transfer to steel will not be sensitive to the value of fire load assumed. On
the other hand, for well-ventilated fires, in which the fire is free burning, the
value of the fire load will have a significant effect.
Recent surveys of dwellings and offices suggest that an average value for fire load
density of 5 Ib/ft2 can be expected, and this would be similar for hotels, hospitals,
and other institutions. Obviously, the value adopted in calculations should take
into account the particular circumstances, and these include the degree of risk
and local building code requirements. The Technical Reports include a discussion




1. w is the width of the opening(s) from which flame will emerge in the event of a
fire. If there is more than one such opening, then w is the sum of the individual
widths (w =WJ + W2 +W3 + ...).
2. h is the height of the opening(s) from which flame will emerge in the event of a
fire. If there is more than one such opening, then h is the weighted average of
the individual heights:
h = Al hi +A2 h 2 + A3 h3 + ...
Al + A2 +A3 +...
3. Aw is the area of the opening(s) from which flame will emerge in the event of a
fire. When there is more than one such opening, the value of Aw is the sum of
the individual areas: (Aw =AJ + A2 +A3 + ...).
4. D is the depth of the room or compartment, the dimension perpendicular to
the openings.
5. Wis the width of the room or compartment, the width of the wall containing
the opening(s).
6. AF is the floor area of the room or compartment, the product of the depth D
and the width W.
7. G is the fire load density, the pounds of combustibles per square foot of floor
area in the room or compartment.
8. L is the total fire load, the product of the fire load den~ity and the floor area of
the room or compartment.
9. AT is the total room surface area (floor, ceiling, and walls) excluding the window
opening(s).
NOTE: Each geometric configuration must be considered individUIJlly. See examples
on calculation sheet.
10. After calculating the natural draft condition, determine whether a through or
forced draft also applies. If so, the temperatures of all steel elements under
consideration must be calculated for both conditions.
If there are windows on opposite sides of a compartment creating the pOSSibility of
a through draft, or if additional air is being supplied to the fire from another source,
then the flames will tend to emerge from the whole area of the window. In this
through-draft condition, the flame shape and its calculation are different.









Dimensions ofRoom and Fire Load*
CALCULAnON STEPS
1. Window width or sum of window widths on all walls: w = ft
MORE THAN ONE WINDOW
A = sq ftw
D = ft
W = ft
AF = sq ft
G = Ib/sq ft
L = lb
6. Floor area: AF =D X W
2. Window height or weighted average of window heights
on all walls: h = ft
5. Width of wall containing window or windows:
4. Depth of room or compartment:
3. Window area or sum of window area of all walls:
Aw=w X h
7. Fire load density:
8. Total fire load: L = G X AF
9. Total area of floor, ceiling, and walls less window
area: AT = 2AF + 2H(D +W) - Aw
10. Through draft: Yes, No
No through draft: Use Calculation Procedure B1.
Through draft: Use Calculation Procedures Bl & B2.
*Note: Ctzlculation for cases other than the simple case are illustrated by
the figures at left.
A,' w,h,. AZ·wzhz elc. w,w,+wz+ elc




l I ...~~~ ~c: -1-/(,/'1/ '
wz~W'
A,-W,Wz-C,Cz AT-2A".2H(W,.Wz.C,.Czl-Aw
D/W • (Wz-Czl. ~, WHEAE WALL' CO'lTA'NS GAEATEST
(W,.C,) Aw W''IOOW MEA
COMPARTMENT WITH CORE
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Flame Shape for No Throllgl1 Draft COl/dition
Rate ofBurning
It is necessary to calculate the rate ofburning because this affects flame behavior.
This will also show the fire duration.
Where ventilation is restricted, the rate of burning is restricted. When considering air
flow and heat balance (i.e., heat loss from windows, heat loss to surrounding
compartment surfaces, heat used to raise the temperature of remaining fuel), the
important parameters will be shown as follows:
Window area, Aw
Height of windows, h
Area of enclosing surfaces, excluding windows, AT
Ratio of compartment depth to width, D/W
Establishing these parameters and the fire load, the maximum rate of burning with
restricted ventilation may be calculated by using Equation (I)-derived from studies
of experimental data:
R (D)1I2
- = 1 22{l-e-O•06S'!)AwYh W .
which may be wntten as
R =(1.22/EXl-e -0.065'1 ) where (1)
t2)
With ample ventilation-the free burning condition-TF is determined by the burning
characteristics of the fire load. Thin fuels with large surface areas will burn more
rapidly, giving smaller values for the duration of free burning.
Thus for any given type of fuel, R is directly proportional to L, and is given by
R = L/TF
For most types of furniture found in buildings, TF is about 20 minutes or
R = L/20
The value of R given by Equation (2) should be used if it is lower than the restricted
ventilation burning value given by Equation (l).
Flame Height
The position of the tip of the flame is generally treated as the point along the axis at
which the flame temperature has dropped to 1000°F (l4600R). This temperature
corresponds approximately to the point at which the flame loses its luminous character.
Through analyses of the experimental data, a number of researchers have demonstrated
correlations that take into account the dominant role of buoyancy, and the turbulent
mixing of hot gases in a flame emerging from a window. The recommended correlation:




relates flame height to the rate of burning R (a measure of the rate of production of
hot gases), Aw the window area through which the gases must flow, and a buoyancy
term PZ(gh)lf2 , where pz is the gas density, g the acceleration caused by gravity, and
h the window height.
This equation may be simplified by taking pz = O.028Ib/ft3 at 1OOO°F.
Then z = 3.55 (R/w)2f3-h
Horizontal Projection ofFlame
The distance of the flame tip away from the facade depends on the shape of the window
and on whether or not there is a wall above the window. A wall is defined as a vertical
surface which retains its integrity exceeding K =2z/3 in height, where z is the flame height.
A flame will only be projected away from a facade if air can get behind it. In situations
where there is either a narrow window, or a number of windows with no wall above,
air can move more easily to the rear thereby deflecting the flame, or flames outward.
Conversely, with a wide window, or a number of windows having a wall above, the
flame, or flames, will remain close to the facade.
The following correlations have been devised for the horizontal projection of the flame
tip x. (The overall horizontal projection is x +h/3.)
No wall above the window: x = O.6h(z/h)lf3
Where the distance to any other window exceeds four times the width of the
individual window, the value of h in this equation is the individual value and not
the weighted value.
Wall above the window:
For h<I.25wI (most situations): x = h/3
As noted above, if there are a number of windows in a wall, the flames will normally be
close to the facade. It is pOSSible, however, that there could be an isolated narrow window
that gives a greater horizontal projection. If it is located, away from the other windows, at
a distance greater than four times its own width, it is then considered to be an individual
window.
For h >1.2Sw I and the distance to any other window exceeding 4 widths of individual
window WI: x + h/3 = O.3h(h/w, )0.54 +h/3
The value of h in this equation is the individual value and not the weighted value.
Flame Length Along Axis
The centerline distance of the flame (X) from the window plane to the flame tip is given b)
X = [Z2 + (x - h/3)2]lf2 +h/2
Flame Depth
flames tend to emerge from the upper two thirds of a window; below this "neutral axis,"
cold air is drawn in.
Flame Width
Observations of flame behavior at windows suggest that the maximum width of the
emerging flame will not be appreciably greater than the window width.
II
CALCULAnON INSTRUCTIONS
1. 1/ is another variable group necessary to find the rate of burning. It is the ratio of
the bounding surface area AT (Procedure A, item 9) to the ventilation factor
Aw Yll.
2. E is a variable group necessary to find the rate of burning. Physically, it is the
square root of the depth to width ratio of the compartment DfW (Procedure A,
items 4 and 5) divided by the ventilation factor Aw(h)1/2 (Procedure A, items
2 and 3). For ease of calculation this is written as
E=(Aw)-I~
For complex patterns of windows, see details in Calcul~tion Procedure A.
3. To fmd the maximum burning rate when ventilation to the fire is restricted (R1),
use the calculated variable groups E and 1/, given in Table 1.
4. If the ventilation to the fire is not restricted, then the rate of burning is obtained
by dividing the total fire load L (Procedure A, item 8) by the effective fire duration
for most types of furniture found in buildings, 20 minutes.
For types of fire load which have a free burning fire duration, TF significantly
different from 20 minutes, R2 is given by L/TF'
5. R2 should be used for the rate of burning if it is less than R1 •
6. Find the ratio of the rate of burning R to the width of the opening(s), w (Procedure
A, item 1). It will he used to find the vertical height of the flanle.
7. To fmd the vertical flame height z in Table 2, use the ratio!. and the height of the
opening(s) h (Procedure A, item 2). w
8. K is the criterion that defmes a significant wall height above the opening(s).
9. P is the actual height of the wall above the opening(s).
10. The use of Table 3 depends on the height of the wall above the opening(s). If the
actual height P is less than the criterion K, use Table 3B, otherwise use Table 3A.
11. To find the length of the flame from the opening X use the simple geometric
function for a right triangle plus one-half the window height.














3. Find R, from Table 1,





4. R2 = 20 R2 =-------
lOa. If P is less than K, use Table 38 and go to line II;
otherwise see item lOb x = ft








7. Find z from Table 2,
z = 3.55(R/w)2f3 - h
6. R/w
9. Height of wall above window
5. Rate of burning, use
R =R, or R =R2 , whichever is less
1Db. If h is greater than I.25w, and if the distance
between openings is greater than 4w, use Table or





2 ,v\!!)z... (hlZ ; h x=v'ZZ+(l_!iIZ. ~,
I 3 3 Z 3
h>12~W. WALL ABOVE OR
NO WALL ABOVE
12. Sketch flame shape in plan and section.
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ill. DESIGN GUIDELINES ANDCALCULATION PROCEDURES
)MMENTARY Wind Speed (Through-draft)
Fire behavior is influenced by the amount of air that is accessible to the fire. In the
most common situations, the entry of air for combustion takes place through the
windows from which the flames are emerging. With this condition, the flame tends to
occupy the upper two thirds of the window, while air is being drawn in through the
lower third.
If there are windows on opposite sides of a room or compartment, positioned so that
a through draft is possible, or if additional air is being fed to the fire from another
source, the flames will tend to emerge from the entire window area.
In this through- or forced-draft condition, the flame shape not only tends to be
different but other relationships also change, as, for example, the fire temperature
and the temperature distribution along the flame axis.
For this case it is necessary to estimate the windspeed, u.
Rate ofBurning
For the through- or forced-draft condition, one assumes that there is sufficient ventila-
tion to give free burning conditions in which the rate ofburning is determined by the
characteristics of the fire load. The free burning duration TF is smaller for thin fuels with
large surface areas.
As before, for a given type of fuel, R is proportional to L, and is given by
R= L/TF
For most types of furniture found in buildings, TF is about 20 minutes or
R= L/20
F7ame Height
The position of the flame tip, the point along the flame axis at which the temperature has
dropped to lOOO°F (540°C), may be determined from correlations derived from the
analysis of experimental data. In through draft conditions, buoyancy and turbulent mixing
effects are less significant and the flame has more of the character of a jet.
The recommended correlation relates the flame height to the rate of burning (a measure
of production of hot gases), total window area through which air must enter and hot
gases escape, and the wind speed, producing the through draft and hence the flame jet:
Y = z +h::: 17.7 ( ~ r·43 Q
where Q::: R/(Aw)ll2
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Horizontal Projection of F10me
The horizontal projection of a through draft flame is not dependent on window
shape or on the nature of the facade above the windows, as it is with flames in
still air.
Analysis of experimental data, similar to that carried out for flame height,
shows a correlation between horizontal projection, flame height, window height,
and wind speed. Comparison with this correlation shows that as wind speed in-
creases, the flame height decreases, but that the horizontal projection increases:
x =0.0771°·22 y
where
To convert wind speeds to feet per minute from miles per hour use:
(f / .) MPH X 5280u t mm = 60
Flame Length Along Axis
The flame length may be calculated from simple geometric considerations. The
distance along the flame axis X from the window plane to the flame tip is
given by
X = (Z2 + X 2 )1/2
Flame Width
Observations of flame behavior at window openings in tests with forced draft
conditions show a slight widening of the flame as hot gases move away from the
opening. The maximum flame width W z is given by:
Wz = w + 0.4x
We assume that the flame shape remains regular, a conservative assumption.
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CALCULAnON INSTRUCTIONS
1. Under the through draft or forced draft condition, air enters the compartment
through one or more openings and the flames emerge from a different opening
or openings. The velocity or speed of the air in feet per minute (ft/min, or
fpm) is represented by u.
2. The rate of burning R is obtained by dividing the total fire load L (Procedure A,
item 8) by the effective fire duration for most types of furniture found in
buildings, 20 minutes.
For types of fire load which have a free burning fire duration TF, significantly
different from 20 minutes, R is given by L/rF.
3. Q is the ratio of the rate of burning R to the square root of the area of the
opening(s) from which flames will emerge, Aw(Procedure A, item 3).
4. To find Y, the total height of the flame above the bottom of the opening,
use Table 4 with the ratio Q and the air velocity u.
5. The height of the flame above the top of the opening z is the total flame
height Y less the height of the opening, h(Procedure A, item 2).
6. J is the ratio of the square of the air velocity u to the height of the opening h.
7. To find x, the horizontal distance of the flame tip from the opening, use
Table 5 with the total flame height Y and the ratio J X 10-6 •
8. The length of the center line flame trajectory X is the hypotenuse of the right
triangle formed by the horizontal distance x and the vertical height of the
flame z. (See figure on Procedure B2.)
9. The width of the emerging flame Wz is a function of the width of the opening
wand the horizontal distance from the opening x. (See figure on Procedure B2).





Flame Shape for Through Draft Condition
CALCULATION STEPS
1. Velocity of air flow u = ftfmin
L
2. Rate of burning, R = 20 R lbfmin
R3. Calculate: Q = -- Q =~
4. Find Y from Table 4: Y = ft
5. Calculate: z = Y - h z = ft
6. Calculate: J = u2/h J =
7. Find x from Table 5: x = ft
8. Calculate: X = J Z2 + x2 X = £t
9. Calculate: Wz = w + O.4x w = ftz
10. Sketch flame shape.
w
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ill. DESIGN GUIDELINES ANDCALCULATION PROCEDURES
COMMENTARY
PROCEDURE C
Flame Shape and Steel Position: Sketch
Notional Flame Shapes
The notional flame shapes are introduced to simplify the calculation of configuration
factors. The approximations used are either conservative ones or they are compensated
for by making other assumptions.
Beams framing into columns away from the wall are treated by analogy with
columns.
Flame Deflection by Wind
The considerations used to arrive at the design assumption for lateral deflection of
flames by wind are set out. Wind effects are allowed for in two ways: lateral
deflection of flames and through draft effects. The latter have beel. discussed. For
lateral deflection, one must assume the maximum amount that the flame will be
deflected by a steady wind. Gusting is less important, as the steady state heat
transfer condition used in the equations requires that time be allowed for equilibrium
to be established. For the steady wind, let us assume maximum lateral deflection
of 45°.
PLAN
Effect of Projection above Window
Any projection above a window that has sufficient fire resistance or structural
integrity to remain in place when subjected to heating by flames must be considered
for its effect on the flame shape.
19
INSTRUCTIONS
Draw sketches of flame shape and steel position, modifying the flame shape
for flame deflection by wind in the "no through draft" condition (refer to accom·
panying examples).
Effect of Projection above Window
Mter being deflected horizontally by a balcony, awning, or other projection, the
flame will return to the undeflected shape, but since the value of X, the distance
along the flame axis from the window to the flame tip, will be unchanged, the
height of the flame tip will be reduced.
For the NO draft condition, let us assume that once the flame extends beyond the
awning or balcony, it deflects back again at an angle of 45° until it reaches the
undeflected shape.
When there is a draft condition, the height of the flame will be reduced and the
horizontal projection increased.














DEFLECTION OF FLAME BY AWNING
NO DRAFT CONDITION
DEFLECTION OF FLAME BY AWNING
DRAFT CONDITION
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Sketches of Flame Shape and Steel Position
r-r-----TI
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C. NOTIONAL FLAME D. NOTIONAL FLAME FOR NARROW WINDOW OR NO-WALL CONDITION
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c. NOTIONAL FLAME FRONT D. NOTIONAL FLAME SIDE
COLUMN NOT ENGULFED IN FLAME. THROUGH DRAFT
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FLAME
A. z>dz B. z<d z C. SHIELDED FLANGES









A. NO THROUGH DRAFT ,NO FORCED DRAFT
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COLUMN ENGULFED IN FLAME
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The con figuration (or view) factor, cp, is the geometric factor expressing the fraction
of radiant energy leaving the radiator which arrives at the receiver. It is readily
visualized if considered as that part of the radiator 'seen' by the receiver. The value
of the factor depends on the size and distance of the radiating surface and the relative
orientation of the radiator and receiver. The value varies from zero to unity.
For the general case:
cp = _l_{tan -1 x + (vcosO - 1) tan -I -;-:-_.........._x--=-_--=-"..,.,..
360 (I + y2 - 2ycosO)1ti (I + y2 - 2ycoSO)1I2
oJ
xcosO [ (y - cosO) cosO J}
+ (x2 + sin20)1/2 tan -1(.,....x.....2~+-si-n2:;-0:7)T;1/"...2 + tan -I (x2 + sin20)1I2
where 8 > 0 and expressed in degrees.
For a receiver in a plane parallel to the radiator (6 = 00)
- 1 [ x t -1 y + Y t -I X ]
cp- 360 (I + X 2)1I2 an (I + X2)1/2 (I + y2 )112 an (1 + y2)112
By using the additive, and subtractive, properties of configuration factors, cp may
be estimated for any situation.
For the problems deaJt with in this paper, the radiators-windows and idealized
flame fronts-are rectangular in shape. Equations for a range of x, y, and 0 are
plotted in Graphs I through 4.
r- w' + S' ---.j,
Q'-------EiJPT II I h'h' I x=-I S''-_ I w'1 .. -.: J -- I Y=-s,
. e ------ - --J
GENERAL CASE:





Configuration Factor Calculation, Column Opposite H'indo\\',
All Draft Conditions, Flame Plume to Steel
Configuration Factors
The flame plume to steel column configuration factor tPzo is given by the following
general equation:
(tPz\ + tPzz)d\ + tPz3dz
tPz= - -2(d1 + dz )
where
tPz1 = Configuration factor from flame to face 1 of the column:(perpendicular to window)-right face
tPzz ::: Configuration factor from flame to face 2 of the column:(perpendicular to window)-left face
tPz3 ::: Configuration factor from flame to face 3 of the column:(parallel to window, the front)
d1 ::: Length of the column faces perpendicular to window.
dz ::: Length of the column faces parallel to window.
Equation (1) gives the total flame to column configuration factor, averaged across
the perimeter of the column 2(d\ + dz ).
The location and defmition of the column faces and dimensions are given in the
Calculation Procedure.
Equation (1) is based on the assumption that three faces can "see" the flame and
also that the assumed rectangular envelope is oriented with dirriension dz parallel




NOTE: From Procedure C obtain and/or determine dimensions of [lame, window(s)
and column geometry. Add these dimensions to Detail A.
1. Calculate the parameters x (item 1a) and y (item 1b) from the dimensions given.
2. Refer to Graph 3, the configuration factor for a perpendicular (90°) radiator,
and obtain value for t/>zl . This is the total configuration factor for face 1. Enter
this value on item 2. .
3. Refer to Detail A, and calculate the parameter?" (item 3a) and y (item 3b).
4. Refer to Graph 3, for the case of a perpendicular radiator and obtain value for
tPz
2
• This is the total configuration factor for face 2. Enter this value on item 4.
S. Refer to Detail A, calculate x (item Sa) and y (item Sb).
6. Refer to Graph I and obtain a value for tPZ3R' this is the com ponent of the
configuration factor for side 3, given by the right-hand side of the flame plume.
Enter this value at item 6.
7. Refer to Detail A, calculate x (item 7a) and y (item 7b).
8. Refer to Graph 1 and obtain a value for tPZ3L ' this is the component of the
configuration factor for side 3 given by the left-hand side of the flame plume.
Enter this value at item 8.
9. Calculate the total configuration factor for face 3 from the equation given at
item 9. Enter value at item 9.
10. Calculate composite configuration factor for all faces from the equation given
at item 10. This yields a value for tPz the flame plume to column configuration
factor. Enter at item 10.
II. After completing calculation for t/>z, calculate the compartment fire to column
configuration factor. Refer to Procedure D1.2.
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PROCEDURE Dl.l
Configuration Factor Calculation, Column Opposite Window.
















3a. Face 2 (tPZ2 )
x =h'lS;
1a. Face 1 (¢Zl)
X = h'/S~
2. Using Graph 3, obtain value for tPZ1
6. Using Graph 1, for the parallel condition,
obtain value C/>zJR
Sa. Face 3 (tPz), calculate contribution of right
side of flame plume x = h'lS;
4. Using Graph 3, obtain value for tPZ2
7a. Calculate contribution of left side of flame
plume x = h'lS;
10. Calculate composite flame configuration factor
¢ = (tPz1 + C/>z2 )d1 + lPz3 d2
Z 2(d 1 +d2 )
8. Using Graph 1 for the parallel condition,
obtain value tPZ3L
9. Calculate total configuration factor , Face 3
















III. DESIGN GUIDELINES ANDCALCULATION PROCEDURES
COMMENTARY
PROCEDURE Dl.2
CunjiguraTion Factor Calclilation. Collimn Opposite Window.
All Draft COI/diriom. Compartment Fire to Steel
The general equation for this condition is given by
rJ>f = (rJ>fl + rJ>f2 )d l + rJ>f3 d2








total compartment fire to column configuration factor
compartment fire to column configuration factor: face 1
compartment fire to column configuration factor: face 2
compartment fire to column configuration factor: face 3
column width and depth dimensions
The location and definition of the column faces and other dimensions are given
on the calculation sheet.
The factors in the general equation (2) (and the Calculation Sheets) are based on
the assumption that column dimension d2 is aligned parallel to the window and
that the column may be represented as a rectangular box. Configuration factors for
other orientations may be derived as necessary in a similar manner.
Note that the configuration factor is averaged over the entire column perimeter,
2(d l + d2 ), not over the heated surfaces only.
Let us assume that rJ>f4 is zero and does not appear in the general equation. This is
implicit from the parallel orientation assumption, that is, the rear face of the column
(face 4) cannot "see" the window.
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CALCULATION INSTRUCTIONS
Dl.7 Compartment Fire to Column Configuration Factor, Column Opposite Window
NOTE: From Procedure C obtain dimensions of flame. windm\:(s), and column(s)
geometry. Add these dimensions to details on "Calculation Steps" Dl.l
as shown (h. w, d!, d 2 , etc).
1. Refer to Detail A on Calculation Procedure 01.2: calculate x (item Ia) and y
(item Ib) for face 1.
2. Refer to Graph 3: obtain value for <l>f
1
' This value is the total configuration
factor for face I. Enter on item 2.
3. Refer to Detail A on Calculation Procedure 01.2: cakuJate x (item 3a) and y
(item 3b) for face 2.
4. Refer to Graph 3: obtain value for <l>f
2
' This value is the total configuration
factor for face 2. Enter on item 4.
5. Refer to Detail A on Calculation Procedure 01.2: calculate x (item 5a) and y
(item 5b) for the right side component of face 3.
6. Refer to Graph I: obtain value for Q>f3R' Enter on item 6.
7. Refer to Detail A on Calculation Procedure Dl.2; calculate x (item 7a) and y
(item 7b) for the left side component of face 3.
8. Refer to Graph 1; obtain value for <l>f
3L
' Enter on item 8.
9. Calculate composite configuration factor for face 3ct>f
3
from equation on item 9.
10. Calculate composite configuration factor from equation on item 10. Enter this
value on item 10.




Configuration Factor Calculation. Column Opposite Window.
All Draft Conditions. Compartment Fire to Steel
1] CALCULAnON STEPS
1'1 Ia. Face 1, (CPf1 ): I





I· 5~ I lb. y = w;/S~ , y =,1-- 5 ; \L I f---- S3 -\ f- w 2. From Graph 3, (J = 90° obtain value for CPf1 CPf1 =.-~ i
I ~ .. Sz -------; 3a. Face 2, (CPf )
I x = h'lS; 2 x =
wi W3L. I
!
Y = w;/S;3b. y =
i
i~ 4. From Graph 3, (J = 90° obtain value for CPf2 CPf2 =t1 Sa. Face 3 (cpf ), contribution of right side of window
DETAIL A, PLAN I I 3X = h IS3 X
FACE I I
I
Sb. y = w;RIS~I y =
FACE HFACE4 3 I, FLAMEL/
FACE Z I 6. From Graph 1, parallei radiator, obtain value for CPf3R CPf3R =






10. Calculate composite Compartment-fire
Configuration Factor.
ct>r = (cpf 1 + CPf2 )d 1 + CPf3 d2
2(d1 + d2 )
9. Calculate composite Configuration factor, Face 3
CPf3 = CPf3R+ CPf3L









ill. DESIGN GUIDELINES ANDCALCULAnON PROCEDURES
COMMENTARY
PROCEDURE D2.1
Configuration Factor Calculation, Column to Side of Window:
No Through Draft, Flame Plume to Steel
The essential differences between this condition and the condition in which the
column is in front of the window is that it is possible to have radiant transfer to
the rear face (face 4) of the column. The flame to column configuration factor
is given by
tP = (tPZl + t/lz2)dl + (t/lZ3 + t/lz4)d2 (3
Z 2(d l + d2 )
where
t/lz Composite flame plume to steel configuration factor
<hl = flame plume to steel configuration factor column face 1
<h'2 = flame plume to steel configuration factor column face 2
<h3 = flame plume to steel configuration factor column face 3
<h4 . = flame plume to steel configuration factor column face 4
dl ,d2 = column width and depth dimensions
The location and definition of the column faces and dimensions are given in the
calculation sheet.
General equation (3) is based on the assumption that all sides of the column can
"see" the flame front, depending on the flame shape and building geometry this
mayor may not be so. Calculations indicate that a column face is not exposed,
then the tP term for that face equals zero. If the column is against a wall, for
example, then tPz3 = O. In the no through draft situation, the notional flame shape
is taken as a flame deflected by a wind. The figures given in the Calculation Sheet
show this assumed notional shape.
Note that in the general equation (3) the configuration factor is averaged over the
perimeter of the column exposed to ambient air. If, for example, one face of the
column is against a wall, then the denominator of the general equation (3) becomes
2d l + d2 and the general equation where tPz3 equals zero becomes
tft __ (tPZl + ¢Z2) dl + tPZ4 d2
't'Z (4)
2d l + d2
A similar adjustment can be made for other column faces not exposed.
The calculation procedure for this condition is based on the assumption that the
column is oriented parallel or perpendicular to the building front. The factors in
this calculation procedure are based on the further assumption that there is no flame
projection from a window on the other side of the column. For other conditions,
further calculations can be performed by using simple extensions of the calculation
procedures. If in fact, the column face(s) receive radiation from another flame
plume, separate calculations should be performed for each face, and then the values
of q, for each face should be added together and used in the general equation (3).
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CALCULATION INSTRUCTIONS
NOTE: From Procedure C obtain dimensions of flame and window(s) and column
geometry. Add these dimensions to Detail A.
1. Refer to Details A and B, sketch in dimensions required (w I ,SI) and calculate
the parameters x (item la) and y (item 1b).
2. Refer to Graph 2, the configuration factor for () =45° and obtain value for
tPZI ' This is the total configuration factor for face 1. Enter this value at item 2.
3. Refer to Details A and C, sketch in dimensions required (w;,S;) and calculate
the parameters x (item 3a) and y (item 3b).
4. Refer to Graph 4, for the condition of () = 13.5° and obtain value for tPZ2 '
This is the total configuration factor for face 2. Enter this value at item 4.
5. Refer to Details A and D, sketch dimensions w; and S; and calculate values
for parameters x (item Sa) and y (item 5b).
6. Refer to Graph 4, obtain value for tPZ3' This value is the total configuration
factor for face 3. Enter this value, item 6.
7. Refer to Details A and E, sketch dimensions S~ and w~ as shown and calculate
values of parameters x (item 7a) and y (item 7b).
8. Refer to Graph 2, obtain value for tPZ4 ' This value is the total configuration
factor for face 4. Enter this value at item 8.
9. Calculate the total composite configuration factor for this condition from
equation given at item 9. Note that this calculation is based on the assumption
that all faces can "see" the flame plume. Other conditions may be considered
by using a simple extension of this procedure and making appropriate changes
in the general equation.


















Configuration Factor Calculation. Column to Side of Window:
No Through Draft, Flame Plume to Steel
CALCULAnON STEPS
1a. Face 1 (¢lz)
Xl = h'/S~ X =
lb. YI = w~/S; Y =
2. From Graph 2,8 = 450 obtain value for ¢lZI ¢lzl =
3a. Face 2 (9)Z2)
x=h'/S; X =
3b. Y =w;/S2' y =
4. From Graph 4, 8 = 1350 obtain value for ¢lZ2 ¢lZ2 =
Sa. Face 3 (¢lZ3)
X =h'/S; X =
5b. Y = w;/S; y =
6. From Graph 4, 8 = 1350 obtain value for ~Z3 ¢lZ3 =
7a. Face 4 (¢lZ4)
x = h'/S~ X =
?b. y = w~/S~ y =
8. From Graph 2, 8 = 450 obtain value for ¢lZ4 ¢lz4=
9. 4> = (4)Zl + ¢lz2)d1 + (4)Z3 + 4>Z4)d2 4>z =Z. 2(d1 +d2)
PLAN
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Configuratio/l Factor Calculatio/l, Colum/l to Side of h'illd()\1',"
No Through Draft, Compartmellt Fire to Steel
The general equation for the compartment fire to column configuration factor is
<Pf = (<Pf l + <Pf2 )d l + cPf3 d2
2(d l + d2 )
where
<Pf = total compartment fire to steel configuration factor averaged over the
perimeter of the column.
tPr
l
= fire to steel configuration factor column face I
tPr2 = fire to steel configuration factor column face 2
tPr
3
= fire to steel configuration factor column face 3
dl ,d2 = column width and depth dimensions
Note that equation (5) is based on the assumption that face 4 of the column
cannot "see" the fire. nus is the case when one dimension of an assumed
rectangular column views a plane notional fire front.
If a column is against a wall, <Pf] =0 and only three faces are exposed to the
ambient air so that <Pf becomes
tPr =(tPr I + <Pf2 )d I
2d l + d2
The calculation procedure for this condition is based on the assumption that the
column is oriented parallel or perpendicular to the building front, therefore,
<Pf
4
= 0, i.e., the face on the rear side of the column (with respect to the window
front) cannot "see" the fue. Further, these calculations are based on the assump-
tion that there is no fire radiation from a window on the other side of the column
(i.e. only one window is radiating). For such a condition, further calculations can
be performed by using simple extensions of factors prOVided in the calculation
procedure. If, in fact, the column face(s) receive radiation from another window,
separate calculations should be performed for each face, and then the values




NOTE: From Procedure C obtain dimensions of flame, window(s), and column(s)
geometry (h, w, d 1 ,d2 J. Add these dimensions to Details A and B.
l. Refer to Details A, B and C, sketch in dimensions S; as required. Calculate x
(item la), and y (item Ib).
2. Refer to Graph 3, obtain value for Q>rl' This value is the total configuration
factor for face 1. Enter at item 2.
3. Refer to Details A, Band D, sketch in dimensions S~ as shown. Calculate x
(item 3a) and y (item 3b).
4. Refer to Graph 1. obtain value for <Pf3 ' This value is the total configuration
factor for face 3. Enter at item 4.
5. Calculate the total composite configuration factor for this condition from the
equation given at item 5. If face 3 is against the wall, equation (6) should
be used.




Configuration Factor Calculation, Column to Side of Window:












lao Face I (tPf1 )
X = hi IS~
lb, y = w'/S~





FACE I~ ~ I :
FACE I~ I ~ i; -----.i-r~~
FACE 2)
FACE 3
DETAIL A - PLAN
3a. Face 3 (tPf3 )
x = hilS; x = _
3b. y =w'/S; y = _
4. From Graph I, parallel radiator, obtain value for ,pf
3
tPf3 = _
5. Calculate composite configuration factor
_ (tf>rl + tPf2)dl + (tPf3)d2tPf - ----'~~-:--:-~-











DETAIL B' SECTION DETAIL C- PLAN
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DETAIL D' PLAN
ill. DESIGN GUIDELINES ANDCALCULATION PROCEDURES
COMMENTARY
PROCEDURE D3.!
Configuration Factor Calculation, Column to Side of Windm·v:
Through Forced Draft, Flame Plume to Steel
The flame plume to column configuration factor if>z for this condition is calculated
from the following equation:
(if>ZI + if>Z2 )d l + (<Pz3+ if>Z4)d2







flame plume to steel configuration factor face I
flame plume to steel configuration factor face 2
flame plume to steel configuration factor face 3
flame plume to steel configuration factor face 4
column width and depth dimensions
Note that this general equation (7) is based on the assumption that all column
faces "see" the projected flame. If the column.is against a wall then tPZ3 = o.
If the column and flame plume geometry is such that other face(s) of the column
cannot "see" the plume, then these tPz terms will equal zero. For this condition,
the flame plume notional front is based on the assumption that it is not deflected
by wind. The notional front is shown in the Calculation Sheet for this condition.
Note that in the general equation (7) the configuration factor is averaged over the
perimeter of the column exposed to the ambient air. If, for example, one face of
the column is against a wall, then the denominator of the general equation (7)
becomes 2d1 +dz and the general equation where tPZ3 equals zero becomes
(tPZI + II>z2 )d l + tPZ4 d2tPz = (8)2d l + dz
Factors in the calculation procedure for this condition are based on the assumption
that the column is oriented parallel or perpendicular to the building front; therefore
<hI or <hz' i.e., the face on the rear side of the column (with respect to the
flame side) cannot "see" the flame. Further, this calculation procedure is based
on the assumption that there is no flame projection from a window on the other
side of the column. For other conditions further calculations can be performed by
using simple extensions of these calculation procedures. If, in fact, the column
face(s) receive radiation from another flame plume, separate calculations should be
performed for each face and then the values of II> for each face should be added
together and used in general equation (7).
The S' dimension between each column face and the flame side should be based
on the increased flame width due to forced draft. For practical purposes the flame
thickness can be averaged to give a value ofw + a.2x, i.e. a thickness of a.lx beyond
each side of the window.
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CALCULATION INSTRUCTIONS
NOTE: From Procedure C obtain dimensions of flame, window(s}, and column
geometry. Add these dimensions to Details A and B. S' dimensions
determined as discussed in commentary, page 41.
1. Refer to Detail C, sketch in dimensions required (W~R :S~ and calculate the
parameters x (item Ia) and y (item Ib) for this face.
2. Refer to Graph 1, the configuration factor for a parallel radiator, and obtain
value for C/>ZlR • This is the component factor given by the right-hand side of
the flame front for face 1. Enter this value at item 2.
3. Refer to Detail C, sketch in dimensions required (W~L' S~) and calculate the
parameters x (item 3a) and y (item 3b).
4. Refer to Graph 1, for the condition of a parallel radiator, and obtain value
for C/>z • This is the component of the configuration factor given by the
. lL
left-hand side of the flame front for face 1. Enter this value at item 4.
5. f:alculate composite configuration factor for face I as shown at item 5. Enter
this value at item 5.
6. Refer to Detail D, sketch dimensions w; and S; and calculate values for
parameters x (item 6a) and y (item 6b).
7. Refer to Graph 3, obtain value for C/>Z3' This value is the total configuration
factor for face 3. Enter this value at item 7.
8. Refer to Detail E, sketch dimensions S~ and w~ as shown, and calculate values
of parameters x (item 8a) and y (item 8b).
9. Refer to Graph 3, obtain value for C/>Z4' This value is the total configuration
factor for face 4. Enter this value at item 9.
10. Calculate the total composite configuration factor for this condition from
equation given at item 10. Note that this calculation is based on the assump-
tion that face 2 cannot "see" the flame plume and that C/>Z2 equals zero.
Enter this value at item 10.




Configuration Factor Calculation, Column to Side of Window:
Through Forced Draft, Flame Plume to Steel
r"-;~-.­
LHIl~ CALCULATION STEPS1a. Face 1, Right Side (cf>z )IR
X =h'/S; x = _
DETAIL A
PLAN








2. From Graph 1, parallel radiator, obtain value for cf>ZtR cf>ZtR = _
3a. Face 1, Left Side (cf>ZIL)
















PLAN 7. From Graph 3,0 = 90° obtain value for cf>Z3 cf>Z3 =------
lwmll II i iJ NOTIONAL:;-;:::..- FLAM E FRONTL II ~Hl1=p3
8a. Face 4, (cf>Z4)
x = h'/S~

















Column to Side of Window Through Forced Draft:
Compartment Fire to Steel
The general equation for the compartment fire to column configuration factor is
(4)fl + 4>f2 )d l + 4>f3 d24¥:: 2(d l +d2 )
where
4¥ := total compartment fire to steel configuration factor averaged over the
perimeter of the column
4¥1 = fire to steel configuration factor column face I
4¥2 = fire to steel configuration factor column face 2
4¥3 = fire to steel configuration factor column face 3
dltd2 = column width and depth dimensions
Note that equation (9) assumes that face 4 of the column cannot "see" the fire.
This occurs when one dimension of an assumed rectangular column views a plane
notional fire front. If a column is against a wall. then 4>f
3
= 0 and only three faces
are exposed to the ambient air so that 4>f becomes
(4)f. + 4>f2 )d l4¥ = ----:-~­
2d l + d2
Factors in the Calculation Procedure for this condition are based on the assumption
that the column is oriented parallel or perpendicular to the building front: there-
fore. 4>£4 := O. Le.. the face on the rear side of the column (with respect to the
window front) cannot "see" the fire. Further. these cal~ulations are based on the
assumption that there is no fire radiation from a window on the other side of th
column (i.e .• only one window is radiating). For other conditions further calcula-
tions may be performed by using simple extensions of provided calculation
procedures. If in fact. the column face(s) receive radiation from another window.
separate calculations should be performed for each face and then the values of
4> for each face should be added together and used in general equation (9).
4S
CALCULATION INSTRUCTIONS
NOTE: From Procedure C obtain dimensions of f/Ilme, window(s), and column(s)
geometry. Add these dimensions to Details A and B as shown (h, w,
d1 , d2 )·
1. Refer to Detail C, sketch in dimensions S~ as required. Calculate x (item 1a)
and y (item Ib).
2. Refer to Graph 3, obtain value for eJ>f
1
• This value is the total configuration
factor for face 1. Enter at item 2.
3. Refer to Detail D, sketch in dimensions S; as shown. Calculate x (item 3a)
and y (item 3b).
4. Refer to Graph I, obtain value for eJ>f). This value is the total configuration
factor for face 3. Enter at item 4.
5. Calculate the total composite configuration factor for this condition from the
equation given at item 5. If Face 3 is against the wall, equation (10) should
be used.





Column to Side of Windmv Through Forced Draft:
Compartment Fire to Steel
CALCULAnON STEPS





rnJ -.-NOTIONALFIRE FRONT Iw'I I
PLAN
DETAIL A
la. Face I (¢f )
, , I
X = h lSI
lb. Y = w'/S~
2. From Graph 3, 8 = 90° obtain value for ¢f
l
3a. Face 3 (¢f3 )
x = h'/S~
3b. Y= w'/S~
5. Calculate composite configuration factor
(tPfl + ¢f2 )d l + (¢f3 )(d2 )
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Temperatures: No Through Draft
Temperature Distribution along Flame Axis
To calculate the heat transfer to steel, it is necessary to know the flame tempera-
ture at a particular point, for example, opposite the top of a window. There is a
correlation between the temperatures along the axis Tz at distance Qand the
window width and rate of burning:
(II)
Bo is the value of the expression when Q= X and (Tz - Ta) = 940. Bz is the value for
the point opposite the top of the opening, Q=h/2. Then Tz at this point is given by
Tz =940(Bz/Bo) +520, assuming that Ta =520o R.
The calculations are based on the assumption that the flame temperature is
constant across the full width of the flame, and that it is equal to the maximum
value at the flame axis. This conservative assumption will compensate for any
slight widening of the flame under some conditions (e.g., wind effects).
For simplicity, again, let us assume that the flame temperature is constant through
its full depth; i.e., the gas temperature drops sharply at the flame edge. Available
evidence suggests that to assume that the depth remains constant is a conservative
assumption.
Fire Temperature
Recent analysis of experimental evidence has also been used to show that it is
possible to calculate the fire temperature from considerations of fire load, ventila-
tion, and compartment dimensions.
Two exponential functions of compartment variable groups are used in the correla-
tions:
Function of \}f =1 - e ~.~5+
where
\}f = L/(AwAT )1/2
and
1 - e-O.18'l
Function of 1/ =
where
1/ =AT /AwCh)1/2
The heat balance expression 1/ is the same as that used to determine the maximum
burning rate. Let us assume an ambient air temperature of 60°F(5200R). Choice
of another value will have a negligible effect within normal ranges.
Then the fire Temperature Tf is given by the product of the two exponential
functions times 8025, plus 520o R.
48
The calculation value of Towill often exceed the ftre temperature Tf. This result
may be expected since substantial amounts of unburned gas can be emitted from




I. Bo is the ratio of the temperature differentials of the flame and the opening
(Tz - Ta)/(To - Ta) evaluated at the distance X from the window.
This is given as one minus the ratio of 0.33 times the width of the opening.
w (Procedure A. item I) times the axial distance of the flame tip X (Procedure
B1. item 11) to the rate of burning R (Procedure BI, item 5).
2. Bz is the ratio of the temperature differentials of the flame and opening:
(Tz - Ta)/(T0 - Ta)' evaluated at a distance of half the height of the opening
(h/2).
This is given as one minus the ratio of 0.165 times the width of the opening
w (Procedure A, item 1) times the height of the opening h (Procedure A.
item 2) to the rate of burning R (Procedure Bl, item 5).
3. T z is the flame temperature expressed as a function of the ratio (Bz/Bo)'
4. \}1 is a correlation variable used in determining lire temperature. It is given as
the ratio of the total lire load L (Procedure A, item 8) to the square root of
the product of the area of the opening(s), Aw (Procedure A, item 3) and the
total bounding surface area, AT (Procedure A, item 9).
S. Function of \}1 is an exponential function of \}1 which is tabulated in Table 6
for various values of \}1.
6. Function of 77 is an exponential function of 77 (Procedure B1, item 2) tabulated
in Table 7 for various values of 77.
7. Tf is the temperature of the lire, given as a function of the prodact of items
5 and 6.
8. The temperature of the steel is dependent on whether the member is a column
or spandrel or as a column, it is engulfed. If the member is a column, look at
calculation Procedure r (sketch) to determine if the member is engulfed. Check




Temperatures: No Through Draft
CALCULATION STEPS
Flame Temperature
I. Bo = I - 0.33(Xw/R)
2. Bz = I - 0.165(wh/R)
Fire Temperature





5. Function ofw = I - e -O.m' (Table 6) Function ofw = _
6. Function of 1/ = (I - e -0.18'1) / (1/)112 Function of 1/ = _
(Table 7)
7. Tf = Function of '11 (8025) Function of 11 + 520 Tf = -------
8. Temperature of steel depends on position of member
relative to flame:
Column not engulfed
Use Procedure FI: _
Column engulfed
Use Procedure F2: _
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ill. DESIGN GUIDELINES ANDCALCULATION PROCEDURES
COMMENTARY
PROCEDURE E2
Temperatures: Draft Condition, Columns Only
Temperature Distribution along Flame Axis
To calculate the heat transfer to steel, it is necessary to know the flame temperature
at a particular point, for example, opposite the top of a window. A correlation
occurs between the temperature along the axis Tz at distance Q and the window
width and rate of burning:
B =(Tz - Ta)/(To - Ta) = 1 -0.23Q(Aw )1/2/R
Values of Tz at any point may be calculated by substituting appropriate values
of Q.
Bo is the value of the expression when Q=X and (Tz - Ta) =940. Bz is the value
for a specific distance along the centerline axis. Then Tz is given by
Tz' = 940(Bz/Bo) + 520 assuming that Ta = 520
o R.
Let us assume that the flame temperature is constant across the full width of the
flame, and equal to the maximum value at the flame axis. This conservative
assumption will compensate for any slight widening of the flame under some
conditions (e.g., wind effects).
The flame temperature across any vertical section is assumed to be the same as
the flame axis at that point.
Fire Temperature
Recent analysis of experimental evidence has also been used to show that it is
possible to calculate the fire temperature from considerations of fire load,
ventilation, and compartment dimensions.
An exponential function of a compartment variable group is used in the correlation:
Function of ('It) = I - e -0.20>11
where
'It = L/(AwAT )112
An ambient air temperature of 60°F (520o R) is assumed. Choice of another value
will have a negligible effect within normal ranges. Then the fire temperature, Tf
is given by Tf = 2160 (Function of 'It) + 520.
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The calculated value of Towill often exceed the fire temperature Tf. This result
may be expected since substantial amounts of unburned gas can be emitted from




1. Bo is the ratio of the temperature differentials of the flame and the opening
(Tz - Ta)/(To - Ta), evaluated at the distance X from the window.
This is given as one minus the ratio of 0.23 times the square root of the
area of the opening Aw* (Procedure A, item 3) times the axial distance of the
flame tip X (Procedure B2, item 8) to the rate of burning R (Procedure B2,
item 2).
2. The distance along the flame centerline Q is a function of the effective horizontal
distance of the column from the opening /). If the column is engulfed, then /)
is identified as A, on Procedure C.
If the column is not engulfed and it is to the side of the opening, then /) is
identified as S' on Procedure C.
If the column is not engulfed and it is opposite the opening, then the effective
horizontal distance is 0.0 (note that in this case, Q= 0.0, hence item 3, Bz = 1.0,
and go to item 4).
The centerline distance Q is then the proportion of the centerline distance to the
flame tip X (Procedure B2, item 8) given by the ratio of the horizontal distance
/) to the horizontal distance of the flame tip from the opening x (procedure
B2, item 7).
3. Bz is the ratio of the temperature differentials of the flame and opening;
(Tz - Ta)/(T0 - Ta) evaluated at the centerline distance Q.
This is given as one minus the ratio of 0.23 times the square root of the area
of the opening Aw (Procedure A, item 3) times the centerline distance from
the opening Q (Procetlure C) to the rate of burning R (Procedure B2, item 2).
4. Tz is the flame temperature expressed as a function of the ratio (Bz/Bo)'
5. W is a correlation variable used in determining fire temperature. It is given as
the ratio of the total fire load L (Procedure A, item 8) to the square root
of the product of the area of the openings Aw (procedure A, item 9) and the
total bounding surface area AT (Procedure A, item 9).
6. The function of W is an exponential function of t/J which is tabulated in
Table 8 for various values of 1/1.
7. Tf is the temperature of the fire, given as a function of 1/1.
8. The temperature of the steel is dependent on whether or not the column is
engulfed. Look at Calculation Procedure C (sketch) to determine if the member
is engulfed. Check the appropriate box and proceed to the corresponding
calculation sheet.
*The value of Aw used should be that for total of all the windows, including both
those from which flames are emerging and those from which they are not.
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PROCEDURE E2
Temperatures: Draft Condition, Coillmns Only
CALCULAnON STEPS
Flame Temperature
1. Bo =1 - O.23(Aw)1/2 X/R
2. Centerline distance, £, depends on horizontal
distance, O.
Column engulfed [) = h3
or Not engulfed side of opening £, = S'
or Not engulfed opposite opening Ei = 0
Q = M..X/x)
3. Bz = 1 - 0.23(Aw)1/2 £/R
4. Tz = 940(Bz/Bo) + 520
Fire Temperature





6. Function of \{f = I - e -0.20'1' (Table 8) Function of \{f :: _
7. Tf =Function of \{1 (2160) + 520
8. Temperature of steel depends on position of
the column relative to the flame:
Column not engulfed
Use Procedure F1: _
Column engulfed
Use Procedure F2: _
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Tf = 0




Heat Transfer to Column not Engulfed in Flame
For steady-state conditions, the heat energy balance is given by
aT: + Cts(Ts - Ta) = Iz + If
where
Iz = I/>z Eal1
If = I/>f aTf (no draft); If = I/>t< 1 - E)aTf (draft)
and
Ta = ambient temperature (OR)
Ts = steel temperature (OR)
Tf = fire temperature CR)
Tz =flame temperature (OR)
a= Stefan Boltzman constant = 2.86 X 10 -11 Btu/ft2 min °R4
Cts = convective heat transfer coefficient (Btu/ft2 min oR)
I/>f= fire to column configuration factor
I/>z= flame plume to column configuration factor
E = flame emissivity
Flame Emissivity
The emissivity is related to the flame thickness A. Given a flame shape and structure
E = 1 - e -o.09A this will vary with the position of the column, depending on what
flame thickness the column "sees".
The heat energy balance accounts for all heat transferred to and from the column,
hence in a steady-state mode, the steel temperature may be calculated readily. Ts
is assumed to be uniform acroSS the Section.
In this heat balance equation
lz represents radiation from the flame outside the window.
If represents radiation from the fire through the window.
The emissivity of the compartment fire is equal to 1.0. This is because the compart-
ment acts as a cavity radiator and thus approximates a black-body. However, when
there is a through draft some of the fire radiation is absorbed by the emerging
flame and the effective emissivity of the fIre is thus I - E where E is the flaming
emissivity. This is included in the equation for If.
Since I/>z and I/>f are calculated as average values for the four sides of the steel
element, Iz and If are average values.
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O:s(Ts - Ta) represents convective heat losses to surroundings.
o:T: represents radient heat losses to surroundings.
The configuration factor for a column radiating energy to the atmosphere is equal
to 1; hence, no configuration factor is given. The emissivity of the column when
viewed by the atmosphere is also equal to 1.
Convective Heat Transfer Coefficient
The convective heat transfer coefficient, O:s' describing the convective cooling of
the heated steel to the atmosphere is given by
as == 0.005(Ts - Ta)1/4
Thus the convective heat loss expression may be written
O:s(Ts - Ta) ::: 0.005(Ts - Ta)5/4
Heat Balance
At an ambient temperature of 60°F,Ta ::: 520
0 R and the left-hand side of the heat
balance equation may be expressed as a function of only the steel temperature
aT: + 0.OO5(Ts - 520)5/4 ::: Iz + If
Values of this function have been. tabulated and may be compared to calculated
values of the right-hand side of the heat balance to identify the temperature of
the steel (Table 10).
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CALCULAnON INSTRUCTIONS
1. The flame thickness A is a function of the draft condition and the position
of the column with the emerging flame.
If there is no through draft and the column is located opposite the opening,
then the flame thickness A is equal to two thirds of the height of the opening
h (Procedure A, item 2.)
If there is no through draft and the column is located to the side of the
opening, then the flame thickness A is equal to the width of the opening w
(Procedure A, item 1).
When there is a through draft condition and the column is located opposite
the opening, the flame thickness A is equal to the horizontal distance of the
flame tip from the opening x (Procedure B2, item 7).
When there is a through draft condition and the column is located to the side of
the opening, the flame thickness A is equal to the 'width of the opening w (Pro-
cedure A, item 1) plus a proportion (0.4) of the distance S of the column from th
plane of the opening (Procedure C, sketches of Flame Shape and Steel Position).
2. The emissivity E is an exponential function of the flame thickness A. Table 9
lists various values of this function for a range of values of A.
3. Iz is the radiation from the flame outside the window. It is given by the
equation where 28.6 is the Stefan-Boltzman constant times (1000)4 .I/Jz (Proce.
dure D) is the configuration factor and E is the emissivity. The temperature of
the flame Tz (Procedure E1, item 3 or Procedure E2, item 4) is divided by 1000
before raising to the fourth power to simplify the calculation.
4. (3 is the emissivity of the fire in the compartment which depends on the draft
condition. If there is no draft, then (3 = 1.0. If there is a draft condition,
then (3 =1.0. If there is a draft condition, then (3 =1.0 - E.
5. If is the radiation from the fire through the opening. It is given by the equa-
tion where 28.6 is the Stefan-Boltzman constant times (1000)4.
I/Jf (Procedure D) is the configuration factor and (3 is the emissivity described
in Instruction item 4. The temperature of the fire Tf (Procedure E1, item 7
or Procedure E2, item 7) is divided by 1000 before raising to the fourth
power to simplify the calculation.
6. q is the sum of the radiation from the flame outside the window and the
radiation from the fire through the window. This represents the terms of
the heat balance which are not a function of the temperature of the steel.
7. The remaining terms of the heat balance are functions of the temperature of
the steel. Values of the algebraic sum of the remaining terms are listed in
Table 10. The temperature of the steel is that which balances the equation
or that which produces a value in the table equivalent to q (linear interpola·
tion is acceptable).
8. The temperature of the steel is compared to critical temperature of 1000°F





Heat Transfer to Columll /lor Engulfed ill Flame
CALCULATION STEPS
1. X depends on draft condition and column orientation:
No draft, column opposite opening:
X=2h/3
No draft, column to side of opening:
X=w
Draft, column opposite opening:
X=x
Draft, column to side of opening:
X = w + O.4s
2. Emissivity, E = 1 - e -0.09), (Table 9)
4. Value of {3 depends on draft condition
No draft; {3 = 1.0
Draft, {3 = 1 - E
5. If = 28.6¢p3 (Tr/1000)4
6. q = Iz + If
7. Steel temperature from Table 10
8a. If the temperature of the steel (Ts) is LESS THAN
the critical temperature (lOOO°F) then the design
is safe.
8b. If the temperature of the steel (TJ is GREATER
THAN the critical temperature (1000°F) then







ill. DESIGN GUIDELINES ANDCALCULAnON PROCEDURES
COMMENTARY
PROCEDURE F2
Heat Transfer to Column Engulfed ill Flame
For steady-state conditions, the heat energy balance is given by
aT~+CtzTs = Iz + If + CtzTz
where
(IZI + IZ2 )d l + (IZ3 + IZ4 )d2
Iz = 2(dl + d2 )
IZI = E I aT;





a = Stefan-Boltzman constant =2.86 X 10-11 Btu/ft2 min °R4
Ts =Steel temperature CR)
Tz = Flame temperature (OR)
To =temperature at window plane CR)
Tf = temperature of fire (OR)
Ctz =convective heat transfer coefficient BtU/ft2 min, (OR)
di = dimension of column side; i = 1,2
9 = flame emissivity for side i of column; i = 1,2,3,4
Flame Emissivity
The emissivity of the flame is related to its thickness A:
9 = 1 - e-o·09~
The emissivity of the fire is reduced by the shielding of the flame, measured by
its average emissivity neglecting that part of the flame away from the window:
(EI +E2 +E3 )
Ef= 1 - 3
When column is against wall, substitute E4 for E 3.
Radiation from Fire
If, the radiative transfer from the compartment fire to the column, is given by
If =(I - E')<fJtiJTr
Flame Temperature at Window
Using Ta = 520, Tz = 1460 (the temperature at the flame tip) and the calculated
60
To = ( xw) + 520
I - 0.33 R
value of X (= Q at the flame tip), a value for To' the flame temperature at the
window, may be calculated:
940
Radiation from Flame
The radiative transfer from the flame plume to the column is defined as:
(IZl + IZ2 )d l of (IZ3 + IZ4 )d2
Iz = 2(dl + d2 )
where
IZl = E l aT; = radiative transfer from Flame Plume to column at side I
IZ2 = E2 aT; = radiative transfer from Flame Plume to column at side 2
IZ3 = E3 aT~ = radiative transfer from Flame Plume to column at side 3
IZ4 =~aT~ =radiative transfer from Flame Plume to column at side 4
Making the indicated substitutions and Simplifying yields:
Iz = {(EI +E2 )dl +[E3 ( ~~)\ ~J d2 } 2(:~I d
z
)
The engulfed column "sees" only the radiation from the flame surrounding it;
hence, the configuration factor is taken as unity.
The Iz tenn represents an average, along the column section perimeter
2(dl + d2 ), of the total flame to column radiative heat input.
Gmvective Heat Transfer Co~fficient
The convective heat transfer coefficient <Xz for a steel element engulfed in
flame, depends on the mass flow per unit area of hot gases and the size and orien-
tation of the receiving surface. Using a ~implifying approach, it is possible to relate
it to the section size of the element "d", the rate of burning and window area:
CXz = 0.027(1 td)o.4 (RtAW)o.6
The mass flow per unit area is proportional to (RtAw) and this equation gives
a maximum value of Q z for flow perpendicular to a section of characteristic
dimension "d."
The equation is modified for the through draft condition by the inclusion of wind
speed as a variable:
CXz =0.01O( ~r·4 (~ t ;6Y·6
Heat Balance
The left-hand side of the heat energy balance equation is a function of the steel
temperature Ts and the convective heat uansfer coefficient {Xz. Values of this func-
tion have been tabulated and may be compared to calculated values of the right-
hand side of the heat balance to identify the temperature of the steel for a
calculated value of the convective heat transfer coefficient.
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CALCULAnON INSTRUCTIONS
}. The emissivity E is an exponential function of the flame thickness A. For each of the four
sides of the engulfed column, there is a flame thickness: Ai, i =1,2,3,4. The Ai are identified
on Procedure C. Table 9 lists values of E for given values of A. It is necessary to find the
emissivity on all four sides of the column. 9, i = 1,2,3,4.
2. E' is the average emissivity of the three exposed sides of the column closest to the opening.
3. Iris the radiation from the fire through the opening. It is given by the equation where 28.6
is the Stefan-Boltzman constant times (I 000)4 . E' is the average emissivity as in instruction
2 and iPf (Procedure D) is the configuration factor. The temperature of the fire Tf (Procedure
£1, item 7 or Procedure £2, item 7) is divided by 1000 before raising to the fourth power
to simplify the calculation.
4. To is the flame temperature at the window opening. It is a function of temperature
differential ratio Bo (Procedure £ 1, item 1).
5. B' is a parameter representing the emissivity of the side of the column nearest the exposing
flame times the fourth power of the ratio of the temperature at the opening Toto the
flame temperature Tz (Procedure £1, item 3 or Procedure £2, item 4).
6. ml is a factor of the flame plume radiation given by the sum of the left and right emissivities
E l +Ez times the steel dimension d t (Procedure C) added to the sum of the parameter B'
and the emissivity of the side away from the flame plume times the steel dimension dz
(Procedure C).
7. d is the average of the steel dimensions.
8. mz is a factor of the flame plume radiation given by the Stefan·Boltzman constant times
(1000)4 divided by the average steel dimension d times the temperature of the flame Tz
(Procedure £1, item 3 or Procedure £2, item 4) divided by 1000 before raising to the fourth
power to simplify the calculation.
9. Iz is the radiation from the flame outside the window. It is the product of the factors mt and r
10. O:z is the convective transfer coefficient. It is a function of the draft condition.
If there is no through draft, the factor f is given by the ratio of the rate of burning R
(Procedure Bl, item 5) to the area of the opening Aw (Procedure A, item 3). Then the functior
defining the convective heat transfer coefficient O:z is tabulated in Table llA for various
values of the average steel dimension d and the factor f.
If there is a through draft condition, the factor f is given by the ratio of the rate of burning
R (Procedure Bl, item 2) to the area of the opening. Aw (procedure A, item 3) plus the
wind speed u (Procedure B2, item 1) d!vided by 26.0. Then the function defining the
convective heat transfer coefficient O:z is tabulated in Table lIB for various values of the
average steel dimension d and the factor f.
II. q is the sum of the radiation from the flame outside the window, the radiation from the fire
through the window and the convective heating of the column. This represents the terms of
the heat balance which are not a function of the temperatures of the steel.
12. The remaining terms of the heat balance are functions of the temperature of the steel. The
algebraic sum of the remaining terms is tabulated in Table 12. Under the appropriate column
for the convective heat transfer coefficient O:z consult Table 12 and fmd the value of q. The
steel temperature Ts' is then located in the left most column of the table (linear
interpolation is acceptable).
13. The temperature of the steel is compared to a critical temperature of IOOOop to determine




Heat Transfer to Column Engulfed ill Flame
CALCULAnON STEPS
PLAN
I. Ei =1 - e -O.09~i ; i = 1,2,3,4
Al=_}A2 = _A3= _A4= _
3. If = 28.6(1 - E')4>i\T[!IOOO)4














COLUMN ENGULFED IN FLAME
"0 THROUGH OR FORCED ORAF T
10. OiZ depends on draft condition
No draft, f = (R/Aw)
OiZ =O.027d -0.4fo.6 (Table IIA)
or
Draft, f = (R/Aw) + (u/26)
OiZ = O.Old -0.4fo.
6 (Table liB)
I I. q = Iz + If + OiZTz
12. Steel temperature is given in Table 12
13. If the temperature of the steel (TJ is LESS THAN
the critical temperature (IOOOOp) the design is safe.
If the temperature of the steel (Ts) is GREATER













2 3 4 5 6 7 8 9 10 II 12 13 14 15 16 17 18 19 20
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*R,= I.22( l_e-O.06S11 )
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•
TAIU.E I RATE OF BURNING WITH RESTRICTED VENTILATION (R ,)*
A1/=__T
AwVh
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~ .030 30.28 30.93 3155 32.12 32.66 33.16 33.64 34.08 34.49 3488 35.24 35.59 35.91 36.21 36.49 36.75 37.00 37.23 37.44 .'7.65040 22.71 2.1.20 23.66 24.09 24.49 24.R7 25.23 25.56 25.R7 26.16 26.43 26.69 26.93 27.15 27.36 27.56 27.75 27.92 2R.UR 28B
.050 IR.17 18.56 IR.93 19.27 1960 19.90 20.18 20.45 20.70 20.93 21.15 21.35 21.54 21.72 21.89 22.05 22.20 22.34 22.47 22.59
-I'; .060 15.14 15.47 15.77 16.06 16.33 16.58 16.82 17.04 1725 17.44 17.62 17.79 1795 18.10 18.24 18.37 18.50 18.61 18.72 18.82
II
.070 12.98 13.26 13.52 13.77 /4.00 14.21 14.42 14.60 14.78 14.95 15.10 15.25 15.39 15.52 15.64 15.75 15.86 15.95 16.05 161.1I.<.l
.080 11.36 11.60 11.83 1205 12.25 /2.44 126/ 12.78 12.93 /3.08 13.22 13.34 13.46 13.58 1368 13.78 13.87 13.96 1404 14.12
.090 10.09 10.31 10.52 10.71 10.89 11.05 11.21 11.36 11.50 11.63 11.75 11.86 11.97 12.07 12.16 12.25 12.33 12.41 12A8 12.55
.100 9.08 9.28 9.46 9.64 9.80 9.95 10.09 10.22 10.35 10.46 10.57 10.68 10.77 10.86 10.95 11.02 1/./0 11.17 1123 11.29
.200 4.54 4.64 4.7J 4.82 4.90 4.97 5.05 5.11 5.17 5.23 5.29 5.34 5.39 5.43 5.47 5.51 5.55 5.58 5.62 5.65
.300 3.03 3.09 3.15 3.21 3.27 3.32 3.36 3.41 3.45 3.49 3.52 3.56 3.59 3.62 3.65 3.67 3.70 3.72 3.74 3.76
.400 2.27 2.32 2.37 2.41 2.45 2.49 2.52 2.56 2.59 2.62 2.64 2.67 2.69 2.72 2.74 2.76 2.77 2.79 2.RI 2.82
.500 182 186 1.89 1.93 1.96 1.99 2.02 2.04 207 2.09 2.11 2.14 2.15 2.17 219 2.20 2.22 2.23 2.25 2.26
.600 1.51 1.55 1.58 161 1.63 1.66 168 1.70 1.72 1.74 1.76 1.78 I.RO I.R I 1.82 1.84 I.R5 I.R6 1.87 188
700 1.30 133 1.35 138 1.40 1.42 1.44 1.46 1.48 1.49 1.51 1.53 1.54 1.55 1.56 1.57 1.59 1.60 1.60 161
.800 1.14 1.16 /./8 1.20 1.22 1.24 126 1.28 1.29 1.31 1.32 1.33 1.35 1.36 1.37 1.38 1.39 1.40 lAO 1.41
.900 1.01 /OJ /05 1.07 1.09 1.11 1.12 1.14 1.15 /./6 1.17 /./9 1.20 121 122 1.22 1.23 1.24 1.25 125
1.000 .91 .93 .95 .96 .98 .99 1.01 1.02 1.03 1.05 1.06 107 108 1.09 1.09 1.10 1.11 112 1.12 I.I.l
• R1 = 1.22 ( l-e -0(6511)
E
TAOLE2 VERTICAL DISTANCE OF FLAME ABOVE TOP OF WINDOW (z)*
R
w
2 3 4 5 6 7 8 9 10 II 12 13 14 15
.5 3.05 5.14 6.88 8.45 9.88 I 1.22 12.49 13.70 14.86 15.9R 17.06 18.11 19.13 20.12 21.09
1.0 2.55 4.64 6.38 7.95 9.38 10.72 11.99 13.20 14.36 15.48 16.56 17.61 1863 19.62 20.59
1.5 2.05 4.14 5.88 7.45 8.88 10.22 11.49 12.70 13.86 14.98 16.06 17.11 18.13 19.12 20.09
2.0 1.55 3.64 5.38 6.95 8.38 9.72 10.99 12.20 13.36 14.48 15.56 16.61 17.63 18.62 19.59
2.5 1.05 3.14 4.88 6.45 7.88 9.22 10.49 IUD 12.86 13.98 15.06 16.11 17.13 18.12 19.09
3.0 .55 2.64 4.38 5.95 7.38 8.72 9.99 11.20 12.36 13.48 14.56 15.61 16.63 17.62 \8.59
3.5 .05 2.14 3.88 5.45 6.88 8.22 9.49 10.70 11.86 12.98 14.06 15.11 16.13 17.12 18.09
4.0 .00 1.64 3.38 4.95 6.38 7.72 8.99 10.20 11.36 12.48 13.56 14.61 15.63 16.62 17.59
4.5 1.14 2.88 4.45 5.88 7.22 8.49 9.70 10.86 11.98 13.06 14.11 15.13 16.12 17.09
5.0 .64 2.38 3.95 5.38 6.72 7.99 9.20 10.36 11.48 12.56 13.61 14.63 15.62 16.59
5.5 .14 1.88 3.45 4.88 6.22 7.49 8.70 9.86 10.98 12.06 13.11 14.13 15.12 16.09
6.0 .00 1.38 2.95 4.38 5.72 6.99 8.20 9.36 10.48 11.56 12.61 13.63 14.62 15.59
6.5 .88 2.45 3.88 5.22 6.49 7.70 8.86 9.98 11.06 12.11 13.13 14.12 15.09
7.0 .38 1.95 3.38 4.72 5.99 7.20 8.36 9.48 10.56 11.61 12.63 13.62 14.59
7.5 .00 1.45 2.88 4.22 5.49 6.70 7.86 8.98 10.06 II.lI 12.13 13.12 14.09
8.0 .95 2.38 3.72 4.99 6.20 7.36 8.48 9.56 10.61 11.63 12.62 13.59
.:: 8.5 .45 1.88 3.22 4.49 5.70 6.86 7.98 9.06 10.11 11.13 12.12 13.09
~ 9.0 .00 1.38 2.72 3.99 5.20 6.36 7.48 8.56 9.61 10.63 11.62 12.59
.:E 9.5 .88 2.22 3.49 4.70 5.86 6.98 8.06 9.11 10.13 11.12 12.09.~
" 10.0 .38 1.72 2.99 4.20 5.36 6.48 7.56 8.61 9.63 10.62 11.59..c:
~
0 10.5 .00 1.22 2.49 3.70 4.86 5.98 7.06 8.11 9.13 10.12 11.09."
.5 11.0 .72 1.99 3.20 4.36 5.48 6.56 7.61 8.63 9.62 10.59~
11.5 ~~ 1.49 2.70 3.86 4.98 6.06 7.11 8.13 9.12 10.09
..:::
12.0 .00 .99 2.20 3.36 4.48 5.56 6.61 7.63 8.62 9.59
12.5 .49 1.70 2.86 3.98 5.06 6.11 7.13 8.12 9.09
13.0 .00 1.20 2.36 3.48 4.56 5.61 6.63 7.62 8.59
13.5 .70 1.86 2.98 4.06 5.11 6.13 7.12 8.09
14.0 .20 1.36 2.48 3.56 4.61 5.63 6.62 7.59
14.5 .00 .86 1.98 3.06 4.11 5.13 6.12 7.09
15.0 .36 1.48 2.56 361 4.63 5.62 6.59
15.5 .00 .98 2.06 3.11 4.13 5.12 6.09
16.0 .48 1.56 2.61 3.63 4.62 5.59
16.5 .00 1.06 2.11 3.13 4.12 5.09
17.0 .56 1.61 2.63 3.62 4.59
17.5 .06 1.11 2.13 3.12 4.09
18.0 .00 .61 1.63 2.62 3.59
18.5 .11 1.13 2.12 3.09
19.0 .00 .63 1.62 2.59
19.5 .13 1.12 2.09
20.0 .00 .62 1.59
'" z = 3.SS(~)213_h
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TABLE 2 VERTICAL DISTANCE OF FLAME ABOVE TOP OF WINDOW (z)* (Continued)
R
w
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
.5 22.04 22.97 23.88 24.78 25.66 26.52 27.37 28.21 29.04 29.85 30.66 31.45 32.23 33.01 3377
1.0 21.54 22.47 23.38 24.28 25.16 26.02 26.87 27.7\ 28.54 29.35 30.16 30.95 31.73 32.51 33.27
1.5 21.04 21.97 22.88 23.78 24.66 25.52 26.37 27.21 28.04 28.85 29.66 30.45 31.23 32.01 32.77
2.0 20.54 21.47 22.38 23.28 24.16 25.02 25.87 26.71 27.54 28.35 29.16 29.95 30.73 31.51 32.27
2.5 20.04 20.97 21.88 22.78 23.66 24.52 25.37 26.21 27.04 27.85 28.66 29.45 30.23 31.01 31.77
3.0 19.54 20.47 21.38 22.28 23.16 24.02 24.87 25.71 26.54 27.35 28.16 28.95 29.73 30.51 31.27
3.5 19.04 19.97 20.88 21.78 22.66 23.52 24.37 25.21 26.04 26.85 27.66 28.45 29.23 30.01 30.77
4.0 18.54 19.47 20.38 21.28 22.16 23.02 23.87 24.71 25.54 26.35 27.16 27.95 28.73 29.51 30.27
4.5 18.04 18.97 19.88 20.78 21.66 22.52 23.37 24.21 25.04 25.85 26.66 27.45 28.23 29.01 29.77
5.0 17.54 18.47 19.38 20.28 21.16 22.02 22.87 23.71 24.54 25.35 26.16 26.95 27.73 28.51 29.27
5.5 17.04 17.97 18.88 19.78 20.66 21.52 22.37 23.21 24.04 24.85 25.66 26.45 27.23 28.01 28.77
6.0 16.54 17.47 18.38 19.28 20.16 21.02 21.87 22.71 23.54 24.35 25.16 25.95 26.73 27.51 28.27
6.5 16.04 16.97 17.88 18.78 19.66 20.52 21.37 22.21 23.04 23.85 24.66 25.45 26.23 27.01 27.77
7.0 15.54 16.47 17.38 18.28 19.16 20.02 20.87 21.71 22.54 23.35 24.16 24.95 25.73 26.51 27.27
7.5 15.04 15.97 16.88 17.78 18.66 19.52 20.37 21.21 22.04 22.85 23.66 24.45 25.23 26.01 26.77
8.0 14.54 15.47 16.38 17.28 18.16 19.02 19.87 20.71 21.54 22.35 23.16 23.95 24.73 25.51 26.27
.:: 8.5 14.04 14.97 15.88 16.78 17.66 18.52 19.37 20.21 21.04 21.85 22.66 23.45 24.23 25.01 25.77
-
9.0 13.54 14.47 15.38 16.28 17.16 18.02 18.87 19.71 20.54 21.35 22.16 22.95 23.73 24.51 25.27~ 9.5 13.04 13.97 \4.88 15.78 16.66 17.52 18.37 19.21 20.04 20.85 21.66 22.45 23.23 24.01 24.77
'" 10.0 12.54 13.47 14.38 15.28 16.16 17.02 17.87 18.71 19.54 20.35 21.16 21.95 22.73 23.51 24.27.c:
~
0
'0 10.5 12.04 12.97 13.88 14.78 15.66 16.52 17.37 18.21 19.04 19.85 20.66 21.45 22.23 23.01 23.77c:
~ 11.0 11.54 12.47 13.38 14.28 15.16 16.02 16.87 17.71 18.54 19.35 20.16 20.95 21.73 22.51 23.27
..;: 11.5 11.04 11.97 12.88 13.78 14.66 15.52 16.37 17.21 18.04 18.85 19.66 20.45 21.23 22.01 22.77
12.0 10.54 11.47 12.38 13.28 14.16 15.02 15.87 16.71 17.54 18.35 19.16 19.95 20.73 21.51 22.27
12.5 10.04 10.97 11.88 12.78 \3.66 14.52 15.37 16.21 17.04 17.85 18.66 19.45 20.23 21.01 21.77
13.0 9.54 10.47 11.38 12.28 13.16 14.02 14.87 15.71 16.54 17.35 18.16 18.95 19.73 20.51 21.27
13.5 9.04 9.97 10.88 11.78 12.66 13.52 14.37 15.21 16.04 16.85 17.66 18.45 19.23 20.01 20.77
14.0 8.54 9.47 10.38 11.28 12.16 13.02 13.87 14.71 \5.54 16.35 17.16 17.95 18.73 19.51 20.27
14.5 8.04 8.97 9.88 10.78 11.66 12.52 13.37 14.21 15.04 15.85 16.66 17.45 18.23 19.01 19.77
15.0 7.54 8.47 9.38 10.28 11.16 12.02 12.87 13.71 14.54 15.35 \6.16 16.95 17.73 18.51 19.27
15.5 7.04 7.97 8.88 9.78 10.66 11.52 12.37 13.21 14.04 14.85 15.66 16.45 17.23 18.01 18.77
16.0 6.54 7.47 8.38 9.28 10.16 11.02 11.87 12.71 13.54 14.35 15.16 15.95 16.73 17.51 18.27
16.5 6.04 6.97 7.88 8.78 9.66 10.52 11.37 12.21 13.04 13.85 14.66 15.45 16.23 17.01 17.77
17.0 5.54 6.47 7.38 8.28 9.16 10.02 10.87 11.71 12.54 13.35 14.16 14.95 15.73 16.51 17.27
17.5 5.04 5.97 6.88 7.78 8.66 9.52 10.37 11.21 12.04 12.85 13.66 14.45 15.23 16.01 16.77
18.0 4.54 5.47 6.38 7.28 8.16 9.02 9.87 10.71 11.54 12.35 13.16 13.95 14.73 15.51 16.27
18.5 4.04 4.97 5.88 6.78 7.66 8.52 9.37 10.21 11.04 11.85 12.66 13.45 14.23 15.01 15.77
19.0 3.54 4.47 5.38 6.28 7.16 8.02 8.87 9.71 10.54 11.35 12.16 12.95 13.73 14.51 15.27
19.5 3.04 3.97 4.88 5.78 6.66 7.52 8.37 9.21 10.04 10.85 11.66 12.45 13.23 14.01 14.77
20.0 2.54 3.47 4.38 5.28 6.16 7.02 7.87 8.71 9.54 10.35 11.16 11.95 12.73 13.51 14.27
*Z = 3.55 (~.)2/3-h
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TABLE.U HORIZONTAL DISTANCE OF FLAME TIP FROM WINDOW (x)*
,
Height of Wall Aome Winuo\\ > -/
w (window width), ft.




2.0 1.27 .87 .70
2.5 1.79 1.23 .99
3.0 2.37 1.63 1.31 1.12
3.5 3.00 2.07 1.66 1.42 1.26
4.0 3.69 2.54 2.04 1.74 1.55 1.40
4.5 4.42 3.04 2.44 2.09 1.85 1.68 1.55
5.0 5.20 3.58 2.87 2.46 2.18 1.9S 1.82
5.5 6.02 4.14 3.33 2.85 2.53 2.29 2. I I 1.96
6.0 6.89 4.74 3.81 3.26 289 2.62 2.41 2.24 2.10
6.5 7.79 5.36 430 3.69 3.27 2.96 2.72 2.53 2.38 2.25
7.0 873 6.01 4.82 4.13 3.66 3.32 305 2.84 2.67 2.52 2.39
7.5 971 6.68 5.37 4.59 4.07 3.69 3.40 3.16 2.96 2.80 2.66
8.0 10.73 7.38 5.93 5.07 4.50 408 3.75 3.49 3.27 3.09 2.94 2.80
.:: 8.5 11.78 8.10 6.51 5.57 4.94 4.47 4.12 3.83 3.59 3.40 3.23 3.08 2.95
-- 9.0 12.86 8.84 7.1\ 6.08 5.39 4.89 4.50 4.18 3.93 J71 3.52 3.36 3.22 309E
.~ 9.5 13.98 961 7.72 6.61 5.86 5,31 489 4.55 4.27 4.03 3.83 3.65 3.50 3.36 3.24.,
..c 10.0 15.12 /0.40 8.36 7./5 6,34 5.75 5.29 4.92 4.62 4.36 4.14 3.95 3.79 3.64 3.50~
0
"" 5.70 5.30 4.98 4.70 4.47c 10.5 16.30 11.21 9.01 7.71 6.84 6.20 4.26 4.08 3.92 3.78 3.65~ 11.0 17.52 /2.05 9.68 8.29 7.34 6.66 6.12 5.70 5.35 5.05 4.80 4.58 4.38 4.21 406 3.92
""= 11.5 I!U6 12.90 10.36 8.87 7.87 7.13 6.56 610 5)3 5.41 5.14 4.90 4.69 4.51 4.35 4.20
12.0 20.03 13.77 11.07 9.47 8.40 7.61 7.00 6.52 6.11 5.78 5.49 5.23 5.0\ 4.82 4.64 4.48
12.5 21.33 14.67 11.78 10.09 8.94 8.10 7.46 6.94 6.51 6.15 5.84 5.57 5.34 5.13 4.94 4.77
13.0 22.65 15.58 12.52 10.72 9.50 861 7.92 7.37 6.92 6.53 6.21 5.92 5.67 5.45 5.25 5.07
135 24.01 16.51 13,27 I I .36 10.07 9.12 8.40 7.81 7.3J 6.92 6.58 6.28 6.01 5.77 5.5(, 5.37
14.0 25.39 17.46 14.03 12.01 10.65 9.65 8.88 8.26 7.75 7.32 6.96 6.64 6.36 6.1 I 5.88 5.68
/4.5 2680 18.43 14.81 12.68 1/.24 10.19 9.37 8.72 8.18 773 7.34 7.0/ 6.7/ 645 6.21 6.00
15.0 28.24 19.42 15.60 13,36 11.84 10.73 9.87 9.19 8.62 8.14 7.74 7.38 7.07 6.79 6.54 6.32
15.5 29.70 20.43 16.41 14.05 12.46 1\.29 10.39 9.66 907 8.57 8.14 7.76 7.43 7.14 6.88 6.65
160 31.19 21.45 17.23 14.75 13.08 11.85 10.91 10.15 9.52 9.00 8.54 8.15 7.81 7.50 7.23 6.98
16.5 32.70 22.49 18.07 15.47 13.71 12.43 1144 10.64 9.98 9.43 8.96 8.55 8.19 7.86 7.58 7.32
17.0 34.24 23.55 18.92 16.20 /4.36 13.01 /1.97 11./4 10.45 9.88 9.38 895 8.57 8.23 7.93 7.66
17.5 35.81 24.63 19.n 16.94 15.01 13.61 12.52 11.65 10.93 10.33 9.81 9.36 8.96 8.61 8.30 8.01
18.0 37.39 25.72 20.66 17.69 15.68 14.21 13.08 12.17 11.42 10.78 10.24 9.77 9.36 8.99 8.66 8.37
185 39.01 26.83 21.55 18.45 16.36 14.82 13.64 12.69 11.91 11.25 10.68 10.19 9.76 9.38 9.04 8.73
19.0 40.64 27.95 22.45 19.22 17.04 15.44 14.21 13.22 12.4 I 11.72 11.13 10.62 10.17 9.77 9.42 9.09
19.5 42.30 29.09 23.37 20.01 17.74 16.07 14.79 13.76 12.91 12.20 11.59 11.06 10.59 10.17 9.80 9.46
20.0 4398 30.25 24.30 20.80 18.44 \6.71 15.38 14.31 13.43 12.68 12.05 I 1.49 11.01 10.58 10.19 9.84
(h t S4'" X = O.3h WI ,h > 1.25w l
Where no value is shown _hX --, h < 1.25wl
3
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8.50 9.00 9.50 JO.OO 10.50
Height of Wall Above Window> ~.,z
w (window width), ft.





4.91 4,76 4,62 4,49
5.20 5.04 4,90 4,76 4,64
550 5J3 5,18 5.04 4.91 4,78
5,80 5.63 5,47 5.32 5.18 5,05 4,93
0,12 5,93 5,70 5,60 5,46 5,32 5.19
oA3 6,24 6.06 5,89 5.74 5,60 ' 5A6 5.34
6.75 6.55 6J6 6.19 6.03 5.88 5.74 5.61 5A8
7.08 6.87 6.67 6A9 6J2 6,16 6.02 5.88 5.75 563
7A2 7.ICJ 698 6.79 6.62 6,45 6.30 6.\6 6.02 5.89 5.78
7.75 752 7.30 7.10 6.92 6.75 6.59 6.44 6JO 6.16 6.04
8.10 7.85 7.63 7.42 7.22 7.05 6.88 6.72 6.58 6,44 6JI 6.18
8A5 8.19 7.95 7.74 7.54 7.35 7.\7 7.01 6.86 67\ 6.58 6,45 6.33
8.80 8.53 8.29 8.06 7.85 7.66 7,48 7.31 7.15 7.00 6.86 6.72 6.60 6,48
9.16 8.88 8.63 8.39 8.17 7.97 7.78 7.60 7.44 7.28 7.14 7.00 6.86 6.74 6.62
9.52 9.:!3 8.97 8.72 8.50 8.29 8.09 7.91 7.73 7.57 7,42 7.27 7.14 7.01 6.89
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TABLE 38 HORIZONTAL DISTANCE OF FLAME TIP FROM WINDOW (x)* .
,
Height of Wall Above Window <~
~ 3
h (window height), ft.













.99 1.10 1.20 1.30 1.39
1.25 1.38 1.5 I 1.64 1.75
1.43 1.58 1.73 1.87 2.0 I
1.57 1.74 1.90 2.06 1.11
1.48 1.57 1.66 1.74 1.82
1.87 1.98 2.09 2.20 1.30
2.14 2.27 1.39 2.5 J 2.63
2.36 2.50 1.63 2.77 2.90
1.90 1.98 2.00 1.14 1.11
1.40 1.50 1.00 1.69 1.78
1.75 2.80 1.97 308 319





.51 .81 1.07 1.29 1.50
.55 .87 1.13 1.37 1.59
.57 .91 I. 19 1.45 1.68
.60 .95 1.25 1.51 1.75
1.69 1.88 2.05 2.21 2.38
1.80 1.99 1.18 236 1.53
1.89 1.10 2.30 1.48 266
1.98 2.20 2.40 2.60 1.78
1.54 1.69 1.84 1.n 3.11
1.70 1.86 3.01 3.17 3.32
1.84 3.0 I 3.17 3.33 3.49
2.97 314 3.31 3.49 3.65
3.10 3.39 3.51 365 3.78
3.46 3.60 3.74 US 4.01
3.64 3.79 3.94 4.09 4.13





.62 .99 1.30 1.57 1.82
.65 1.03 1.34 1.63 1.89
.67 1.06 1.39 1.68 1.95
69 1.09 1.43 1.73 2.0 I
2.06 1.18 2.50 2.70 1.90
2.13 2.37 2.59 1.80 3.00
2.20 2.44 2.67 2.89 3.10
2.27 2.51 2.75 2.97 3.19
3.09 3.27 3.45 3.61 3.80
3.20 3.39 3.57 3.75 3.93
3.30 3.50 3.69 3.88 4.06
3.40 3.60 3.80 3.99 4.18
3.90 4.13 4.29 4.44 460
4.10 4.27 4.44 4.60 4.70
4.24 4.41 4.58 4.75 4.91





.71 1.12 1.47 1.78 2.06
.72 1.15 1.50 1.82 2. II
.74 1.17 1.54 1.86 2.16
.76 1.20 1.57 1.90 1.21
2.33 2.58 1.82 3.05 3.27
1.39 2.65 2.89 3.13 3.36
2.44 2.71 2.96 3.20 3.43
2.50 2.77 3.02 3.27 3.5 I
3.49 3.70 3.90 4.10 4.19
3.58 3.79 4.00 4.20 4.40
3.66 3.88 4.09 4.30 4.50
3.74 3.96 4.18 4.39 4.60
4.48 4.66 4.84 5.01 5.10
4.59 4.78 4.97 5.15 5.33
4.70 4.89 5.08 5.27 5.45
4.80 5.00 5.19 5.38 5.57
5.20 5.47 5.08 5.89 6.10
5.34 5.56 5.77 5.99 6.19
5.42 5.64 5.80 6.07 6.19
5.49 5.72 5.94 6.16 6.38
4.90 5.10 5.30 5.49 568
4.99 5.20 5.40 5.60 5.79
5.08 5.19 5.50 5.70 5.90
5.17 5.38 5.59 5.80 6.00
3.82 4.04 4.26 4.48 4.69
3.89 4.12 4.35 4.57 4.78
3.96 4.20 4.43 4.65 4.87
4.03 4.27 4.50 4.73 4.95
4.09 4.34 4.58 4.81 5.03
4.16 4.41 4.65 4.88 5.11
4.22 4.47 4.72 4.96 5.19
4.28 4.54 4.78 5.03 5.26
2.55 2.82 3.09 3.34 3.58
2.60 2.88 3.14 3.40 3.65
2.64 2.93 3.20 3.46 3.72
2.69 2.98 3.26 3.52 3.78
2.73 3.03 3.31 3.58 3.84
2.78 3.08 3.36 3.64 3.90
2.82 3.12 3.41 3.69 3.96
2.86 3.17 3.46 3.74 4.02
.77 1.22 1.60 1.94 2.26
.79 1.25 1.64 1.98 2.30
.80 1.27 1.67 2.02 2.34
.81 1.29 1.69 2.05 2.38
.83 1.31 1.72 2.09 2.42
.84 1.33 1.75 2.12 2.46
.85 1.35 1.77 2.15 2.49

















.88 1.39 1.82 2.21 2.56
.89 1.41 1.85 2.24 2.60
.90 1.43 1.87 2.27 2.63
.91 1.45 1.89 2.30 2.66
2.90 3.21 3.5 I .3.80 4.07
2.93 3.25 3.55 3.85 4.13
2.97 3.29 3.60 3.89 4.18
3.01 3.33 3.64 3.94 4.23
4.34 4.60 4.85 5.10 5.34
4.40 4.66 4.91 5.16 5.41
4.45 4.72 4.98 5.23 5.47
4.51 4.77 5.04 5.29 5.54
5.57 5.80 6.02 6.25 6.46
5.64 5.88 6.10 6.33 6.55
5.71 5.95 6.18 6.41 6.63





.92 1.46 1.92 2.32 270
.93 1.48 1.94 2.35 2.73
.94 1.50 1.96 2.37 2.76
.95 1.51 1.98 2.40 278
3.04 3.37 3.69 3.99 4.28
3.08 3.41 3.73 4.03 4.33
3.11 3.45 3.77 4.08 4.37
3.14 3.49 3.81 4.12 4.42
4.56 4.83 5.10 5.35 5.61
4.61 4.89 5.15 5.4 J 5.67
4.66 4.94 5.21 5.47 5.73
4.71 4.99 5.27 5.53 5.79
5.85 6.09 6.33 6.56 6.79
5.92 6.16 6.40 6.64 6.87
5.98 6.23 6.47 6.71 6.94





.96 1.53 2.00 2.42 2.81
.97 1.54 1.02 2.45 2.84
.98 1.56 2.04 2.47 2.87
.99 1.57 2.06 2.50 2.90
3.18 3.52 3.85 4.16 4.47
3.21 3.56 3.89 4.21 4.51
3.24 3.59 3.93 4.25 4.55
3.27 3.62 3.96 4.29 4.60
4.76 5.04 5.32 5.59 5.85
4.81 5.09 5.37 5.65 5.91
4.85 5.14 5.43 5.70 5.97
4.90 5.19 5.48 5.75 6.02
6.11 6.36 6.61 6.85 7.09
6.17 6.43 6.68 6.92 7.16
6.23 6.49 6.74 6.99 7.23





1.00 1.59 2.08 2.52 2.92
1.0 I 1.60 2.10 2.54 2.95
1.01 1.61 2.12 2.56 2.97
1.03 1.63 2.13 2.59 3.00
3.30 3.66 4.00 4.33 4.64
3.33 3.69 4.03 4.36 4.68
3.36 3.72 4.07 4.40 4.72
3.39 3.75 4.10 4.44 4.76
4.94 5.24 5.53 5.81 6.08
4.99 5.29 5.58 5.86 6.13
5.03 5.33 5.62 5.91 6.19
5.07 5.38 5.67 5.96 6.24
6.35 6.61 6.87 7.12 7.37
6.40 6.67 6.93 7.18 7.43
6.46 6.73 6.99 7.24 7.50
6.51 6.78 7.05 7.31 7.56
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TABLE3B HORIZONTAL DISTANCE OF FLAME TIP FROM WINDOW (x)* (Continued)
Height of Wall Ahove Window <2z
" 3
h (window height), ft.
10.5 11.0 11.5 12.0 12.5 13.0 13.5 14.0 14.5 15.0 15.5 16.0 16.5 17.0 17.5 18.0 18.5 19.0 19.5 20.0
.5 2.28 2.36 2.43 2.50 2.56 2.63 2.70 2.77 2.83 2.90 2.96 3.02 3.09 3.\5 3.21 3.27 3.33 3.39 3.45 3.51
1.0 2.88 2.97 3.06 3.14 3.23 3.32 3.40 3.49 3.57 3.65 3.73 3.81 3.89 3.97 4.04 4.12 4.20 4.27 4.35 4.42
1.5 3.29 3.40 3.50 3.00 3.70 3.80 3.89 3.99 4.08 4.18 4.27 4.36 4.45 4.54 4.63 4.72 4.80 4.89 4.98 5.06
2.0 3.62 3.74 3.85 3.96 4.07 4.18 4.29 4.39 4.50 4.60 4.70 4.80 4.90 5.00 5.10 5.19 5.29 5.38 5.48 5.57
2.5 3.90 4.03 4.15 4.27 4.39 4.50 4.62 4.73 4.84 4.95 5.06 5.17 5.28 5.38 5.49 5.59 5.70 5.80 5.90 6.00
3.0 4.15 4.28 4.41 4.54 4.66 4.78 4.91 5.03 5.15 5.26 5.38 5.49 5.61 5.72 5.83 5.94 6.05 6.16 6.27 6.38
3.5 4.37 4.51 4.64 4.77 4.91 5.04 5.\6 5.29 5.42 5.54 5.66 5.78 5.90 6.02 6.14 6.26 6.37 6.49 6.60 6.71
4.0 4.57 4.71 4.85 4.99 5.13 5.27 5.40 5.53 5.66 5.79 5.92 6.05 6.17 fdO 6.42 6.54 6.66 6.78 6.90 7.02
4.5 4.75 4.90 5.05 5.19 5.34 5.48 5.62 5.75 5.89 6.02 6.\6 6.29 6.42 6.55 6.68 6.80 6.93 7.05 7.18 7.30
5.0 4.92 5.07 5.23 5.38 5.53 5.67 5.82 5.96 6.10 6.24 6.38 6.5\ 6.65 6.78 6.92 7.05 7.18 7.3\ 7.43 7.56
5.5 5.08 5.24 5.40 5.55 5.70 5.86 6.00 6.15 6.30 6.44 6.58 6.72 6.86 7.00 7.14 7.27 7.41 7.54 7.67 7.80
6.0 5.23 5.39 5.55 5.71 5.87 6.03 6.18 6.33 6.48 6.63 6.78 6.92 7.07 7.2\ 7.35 7.49 7.63 7.76 7.90 8.03
6.5 5.37 5.54 5.70 5.87 6.03 6.\9 6.35 6.50 6.66 6.81 6.96 7.11 7.26 7.40 7.55 7.69 7.83 7.97 8.1\ 8.25
7.0 5.50 5.68 5.85 6.02 6.18 6.35 6.51 6.67 6.82 6.98 7.14 7.29 7.44 7.59 7.74 7.88 8.03 8.17 8.32 8.46
7.5 5.63 5.81 5.98 6.16 6.33 6.49 6.66 6.82 6.98 7.14 7.30 7.46 7.6\ 7.76 7.92 8.07 8.22 8.36 8.51 8.65
8.0 5.75 5.94 6.11 6.29 6.46 6.63 6.80 6.97 7.14 7.30 7.46 7.62 7.78 793 8.09 8.24 8.39 8.54 8.69 8.84
~ 8.5 587 6.06 6.24 6.42 6.60 6.77 6.94 7.11 7.28 7.45 7.61 7.78 7.94 8.10 8.25 8.41 8.57 8.72 8.87 9.02
~ 9.0 5.98 6.\7 6.36 6.54 6.72 6.90 7.08 7.25 7.42 7.59 7.76 7.92 8.09 8.25 8.41 8.57 8.73 8.89 9.04 9.20~
.~ 9.5 6.09 6.29 6.47 6.66 6.84 7.03 7.20 7.38 7.56 7.73 7.90 8.07 8.24 8.40 8.57 8.73 8.89 9.05 9.21 9.36
.c: 10.0 6.20 6.39 6.59 6.78 6.96 7.15 7.33 7.51 7.69 7.86 8.04 8.21 8.38 8.55 8.71 8.88 9.04 9.20 9.36 9.52.,
E
S 10.5 6.30 6.50 6.69 6.89 7.08 7.26 7.45 7.63 7.81 7.99 8.17 8.34 .8.52 8.69 8.86 9.02 9.19 9.36 9.52 9.68
..
11.0 6.40 6.60 6.80 6.99 7.19 7.38 7.57 7.75 7.93 8.12 8.30 8.47 8.65 8.82 8.99 9.16 9.33 9.50 9.67 9.83
11.5 6.49 6.70 6.90 7.10 7.29 7.49 7.68 7.87 8.05 8.24 8.42 8.60 8.78 8.95 9.13 9.30 947 9.64 9.81 9.98
12.0 6.59 6.79 7.00 7.20 7.40 7.59 7.79 7.98 8.17 8.35 8.54 8.72 8.90 9.08 9.26 9.43 9.61 9.78 9.95 10.12
12.5 6.68 6.89 709 7.30 7.50 7.70 7.89 8.09 8.28 8.47 8.66 8.84 9.02 9.21 9.39 9.56 9.74 9.91 10.09 10.26
13.0 6.76 6.98 7.\9 7.39 7.60 7.80 8.00 8.20 8.39 8.58 8.77 8.96 9.14 9.33 9.51 9.69 9.87 10.05 10.22 10.39
13.5 6.85 7.07 7.28 7.49 7.69 7.90 IUO 8.30 8.50 8.69 8.88 9.07 9.26 9.45 9.63 9.81 9.99 10.17 10.35 10.53
14.0 6.93 7.15 7.37 7.58 7.79 8.00 8.20 8.40 8.60 8.80 8.99 9.18 9.37 9.56 9.75 9.93 10.12 10.30 10.48 10.65
14.5 7.02 7.24 7.45 7.67 7.88 8.09 8.30 8.50 8.70 8.90 9.10 9.29 9.48 9.67 9.86 10.05 10.23 10.42 10.60 10.78
15.0 7.10 7.32 7.54 7.76 7.97 8.18 8.39 8.60 8.80 9.00 9.20 9.40 9.59 9.78 9.97 10.16 10.35 10.54 10.72 1090
15.5 7.17 7.40 7.62 7.84 8.06 8.27 8.48 8.69 8.90 9.10 9.30 9.50 9.70 9.89 10.08 10.27 10.46 10.65 10.84 11.02
16.0 7.25 7.48 7.70 7.92 8.14 8.36 8.57 8.78 8.99 9.20 9.40 9.60 9.80 10.00 10.19 10.38 10.58 10.77 10.95 11.14
16.5 7.32 7.56 7.78 8.01 8.23 8.45 8.66 8.87 9.08 9.29 9.50 9.70 9.90 10.10 10.30 10.49 10.68 10.88 11.07 11.25
17.0 7.40 7.63 7.86 8.09 8.31 8.53 8.75 8.96 9.17 9.38 9.59 9.80 10.00 10.20 10.40 10.60 10.79 10.99 11.18 11.37
17.5 7.47 7.70 7.94 8.16 8.39 8.61 8.83 9.05 9.26 9.47 9.68 9.89 10.10 10.30 10.50 \0.70 10.90 11.09 11.29 11.48
18.0 7.54 7.78 8.01 8.24 8.47 8.69 8.92 9.13 9.35 9.56 9.78 9.98 10.19 10.40 10.60 10.80 11.00 11.20 11.39 11.59
18.5 7.61 7.85 8.08 8.3~ 8.55 8.77 9.00 9.22 9.44 9.65 9.86 10.08 10.28 10.49 10.70 10.90 11.10 11030 11.50 11.69
19.0 7.68 7.92 8.16 8.39 8.62 8.85 9.08 9.30 9.52 9.74 9.95 10.17 10.38 10.59 10.79 11.00 11.20 11.40 11.60 11.80
\9.5 7.74 7.99 8.23 8.46 8.70 8.93 9.16 9.38 9.60 9.82 10.04 10.25 10.47 10.68 10.89 11.09 11.30 11.50 11.70 11.90
20.0 7.81 8.06 8.30 8.54 8.77 9.00 9.23 9.46 9.68 9.91 10.12 10.34 10.56 10.77 10.98 11.19 11.39 11.60 11.80 12.00
eZ Y/3
• X =O.6h h
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TABLL~ TOTAL FLAME HEIGHT (Y)* IN FEET
RQ=-~
5. 10. 15. 20. 25. 30 35. 40. 45. 50. 55. 60. 65. 70. 75.
100. 12.22 24.43 36.65 48.87 61.08 73.30 85.51 97.73 109.95 122.16 134.38 146.60 158.81 171.03 183.25
200. 9.07 18.14 27.20 36.27 45.34 54.41 63.47 72.54 81.61 90.68 99.75 108.81 117.88 126.95 136.02
300 7.62 15.23 22.85 30.47 38.08 45.70 53.32 60.94 68.55 76.17 83.79 91.40 . 99.02 106.64 114.25
400. 6.73 13.46 20.19 26.92 33.65 40.38 47.11 53.85 60.58 67.31 74.04 80.77 87.50 94.23 100.96
500. 6.11 12.23 18.34 24.46 30.57 36.69 42.80 48.92 55.03 61.15 67.26 73.38 79.49 85.61 91.72
600. 5.65 11.31 16.96 22.62 28.27 33.92 39.58 45.23 50.88 56.54 62.19 67.85 73.50 79.15 84.81
700. 5.29 10.58 15.87 21.16 26.46 31.75 37.04 42.33 47.62 52.91 58.20 63.49 68.79 74.08 79.37
Hoo. 5.00 9.99 14.99 19.98 24.98 29.98 34.97 39.97 44.96 49.96 54.96 59.95 64.95 69.94 74.94
900. 4.75 9.50 14.25 19.00 23.75 28.50 33.24 37.99 42.74 47.49 52.24 56.99 61.74 66.49 71.24r;;
1000. 4.54 9.08 13.62 IH.16 22.69 27.23 31.77 36.31 40.85 45.39 49.93 54.47 59.00 63.54 68.0H'5
..: 1100. 4.36 H.71 13.07 17.43 21.7H 26.14 30.50 34.85 39.21 43.57 47.92 52.2H 56.64 60.99 65.35
~ 1200. 4.20 tU9 12.59 16.79 20.98 25.18 29.38 33.57 37.77 41.97 46.16 50.36 54.56 5H.75 62.95
.:::
~ 1300. 4.05 811 12.1(, 1(,.22 20.27 24.33 28.38 32.44 36.49 40.55 44.(,0 4H.66 52.71 56.7(, (,0.82
'0 1400. 3.93 7.85 11.78 15.71 19.64 235(, 27.49 31.42 35.35 39.27 43.20 47.13 51.06 54.98 58.910
i 1500. 3.81 7.63 11.44 15.25 19.06 22.88 2(,.(,'1 30.50 34.31 38.13 41.94 45.75 49.56 53.38 57.19
E 1600 3.71 7.42 I 1.12 14.S3 IS.54 22.25 25.% 29.67 33.37 37.08 40.79 44.50 48.21 51.'12 55.62
::l
21.(,S171X) 3.61 7.23 10.84 14.45 IS.06 25.29 2S.90 32.52 36.13 39.74 43.35 46.97 50.58 54.19
1800. 3.53 7.05 10.58 14.10 17.63 21.15 24.(,8 28.20 31.73 35.25 38.78 42.30 45.83 49.35 52.8H
I'JOO 3.44 (,.H9 10.33 13.7H 17.22 20.66 2411 27.55 31.00 34.44 37.89 41.33 44.77 48.22 51.66
2()(XJ. 3.37 6.74 10.11 13.4H 1684 20.21 23.58 26.95 30.32 33.69 37.06 40.43 43H0 47.17 50.53
2100. 3.30 (,.60 99() 13.20 16.50 19.79 23.09 26.39 29.(,9 32.9'1 36.29 39.59 42.89 46.1'1 49.49
2200. 3.23 6.47 970 12.93 16.17 19.40 22.64 25.87 29.10 32.34 35.57 38.80 42.04 45.27 48.51
2300. 317 6.34 9.52 126'J 15.H6 19.03 22.21 25.3H 28.55 31.72 34.90 38.07 41.24 44.41 47.59
2400. 3.11 6.23 'J.34 12.46 15.57 18.69 21.80 24.92 28.03 31.15 34.26 37.38 40.49 43.61 46.72
2500. 3.0(, 6.12 'J.18 12.24 15.30 18.3,6 21.43 24.49 27.55 30.61 33.67 36.73 39.79 42.85 45.91
* y = 17.7u-0 .43 Q
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TABLE 5 HORIZONTAL DISTANCE OF FLAME TIP FROM WINDOW (x)·
y (total flame height)
5. 10. 15. 20. 25. 30. 35. 40. 45. 50.
.25 5.93 II.R6 17.79 23.72 29.65 35.5R 41.51 47.43 5336 59.29
.50 6.91 13.81 20.72 27.62 34.53 41.44 4lU4 55.25 62.16 69.06
.75 7.55 15.10 2H5 30.20 37.75 4530 52.85 60.40 67.95 75.50
1.00 8.04 16.09 24.13 32.18 40.22 48.26 56.31 64.35 72.39 80.44
1.25 8.45 16.90 2535 33.79 42.24 50.69 59.14 67.59 76.04 84.49
L50 8.79 17.59 26.38 35.IR 43.97 52.77 61.56 70.35 79.15 87.94
1.75 9.10 18.20 27.29 36.39 45.49 54.59 63.68 72.78 81.88 90.98
2.00 9.37 18.74 28.11 37.48 46.84 56.21 65.58 74.95 8432 93.69
2.25 9.61 19.23 28.84 38.46 48.07 57.69 6730 76.92 86.53 96.15
2.50 9.84 19.68 29.52 3936 49.20 59.04 68.88 78.72 88.56 98.40
2.75 10.05 20.10 30.15 40.20 50.24 60.29 70.34 80.39 90.44 100.49
3.00 10.24 20.49 30.73 40.97 51.22 61.46 71.70 81.94 92.19 102.43
3.25 10.42 20.85 31.27 41.70 52.12 62.55 72.97 83.40 93.82 104.25
3.50 10.60 21.\9 31.79 42.39 52.98 63.58 74.17 84.77 9537 10596
3.75 10.76 21.52 32.28 43.03 53.79 64.55 75.31 86.07 96.83 107.58
4.00 10.91 21.82 32.74 43.65 54.56 65.47 76.39 87.30 98.21 109.12
'"'
4.25 11.06 22.12 33.18 44.24 55.29 6635 77.41 88.47 99.53 110.59
I 4.50 11.20 22.40 33.60 44.79 55.99 67.19 78.39 89.59 100.79 111.990
X
4.75 11.33 22.67 34.00 45.33 56.66 68.00 79.33 90.66 101.99 113.33
"';: I..:: 5.00 11.46 22.92 34.38 45.85 57.31 68.77 80.23 91.69 103.15 114.61
II 5.25 11.58 23.17 34.75 46.34 57.92 69.51 81.09 92.68 104.26 115.85
...... 5.50 11.70 23.41 35.11 46.82 58.52 70.23 81.93 93.63 10534 117.04
5.75 11.82 23.64 35.46 47.28 59.10 70.92 82.73 94.55 106.37 118.19
6.00 11.93 2386 3579 47.72 59.65 71.58 83.51 95.44 107.37 119.30
6.25 12.04 24.08 36.11 48.15 60.19 72.23 84.27 96.30 108.34 120.38
6.50 12.14 24.28 3643 48.57 60.71 72.85 85.00 97.14 J09.2R 121.42
6.75 12.24 24.49 36.73 48.97 61.22 73.46 85.70 97.95 110.19 122.44
7.00 12.34 24.68 37.03 49.37 61.71 74.05 8639 98.74 /11.08 123.42
7.25 /2.44 24.88 37.31 49.75 62.19 74.63 87.06 99.50 111.94 124.38
7.50 12.53 25.06 37.59 50.12 62.65 75.18 87.71 100.25 112.78 125.31
7.75 12.62 25.24 37.86 50.49 63.11 75.73 88.35 100.97 II3.W 12621
8.00 12.71 25.42 38.13 50.84 63.55 76.26 88.97 101.68 114.39 127.10
8.25 12.80 25.59 38.39 51.18 63.98 76.78 89.57 102.37 115.17 127.%
8.50 12.88 25.76 38.64 51.52 64.40 77.28 90.16 103.04 115.92 128.1</
875 12.96 25.93 38.89 51.85 64.81 77.7R 90.74 103.70 116.67 129.63
9.00 13.04 26.09 39.13 52.17 65.22 78.26 9\.30 104.35 117.39 130.43
9.25 13.12 26.24 39.37 52.49 65.61 78.73 91.86 104.98 118.10 13 1.22
9.50 13.20 26.40 39.60 52.80 66.00 79.20 92.40 105.60 118.80 132.00
9.75 13.28 26.55 39.83 53.10 66.38 79.65 92.93 106.20 119.48 132.75
10.00 13.35 2670 40.05 53.40 66.75 80.10 93.45 106.79 120.14 133.49
.. X = O.077J Q.11 Y
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T\BI.F h VALUES OF 1/1 AND THE FUNCTIO!" OFI/I·
WHERE THE FUNCTION OF..p= l·e-D.25(/'
I \IH.l ~ VAll'£S OF 11 A~D THE Fl'NCTlO!" OF 7/.
WHERE THE FlJi'CTIoN OF 71=!:f~t811
_______- - -_~11l>;.:....._
FunClIon ,,1" 11 Function 01" T/
l/I l/I
.5 .118 I. .165
1 2141.0 .221
1.5 .313 .3 241
2.0 .393 4. .2,7
25 .465 5. .26:'-
3.0 .528 6 .270
3.5 .583 7. .271
4.0 .632 Ii . .270
4.5 .675 9 .267
5.0 .713 10 .264
5.5 .747 II. .200
6.0 .777 12 .:!5~
6.5 .1<03 /3 .251
7.0 .IQ6 14. .246
7.5 .li47 1:'- .241
8.0 .1\65 \6 .236
8.5 .881 17 .231
9.0 .895 Iii. .226
9.5 .907 19 .221
10.0 'JIll :;0 217
10.5 .'J28 21. .213
.936 " .20'J11.0 .-.
11.5 .'J44 23 .205
12.0 .'J50 24 .201
12.5 .'J56 25. 198
13.0 .961 26 .194
13.5 .966 27 .191
14.0 .970 28 188
14.5 .973 29 .185
15.0 976 30 182
15.5 .979 31. \79
16.0 .982 32 \70
10.5 %4 33 174
17.0 %h 34. .17\
175 9P 3:'- 169
\8.0 .989 36 160
18.5 .990 17 164
19.0 .991 31'· 162
\ 'i.' 'i'J2 39 160
20.0 9'J3 40 158
20.5 9'14 41. ISo
21.0 995 42 154
21.5 .'J'J5 43 .152
22.0 996 44. \51
:!:!.5 .9% 45 .149
23.0 'N7 46 .147
23.5 .997 47. .146
24.0 .998 48
.144
245 .998 49. .143
250 .998 50. .141
---- ~--------
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TABLE 8 VALUES OF 1/J AND THE: FUNCTIO!'l OF 1/J.
WHERE THE: Fl:NCTlO!'l OF 1/J = l_e-4·20.,
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I \11. I'· TE\1PERAITRF OF EXPOSED COLt", "\0'1' E"\CI'I.FEO 1'\ FI.A\IE





















































"l-\BI.I.I1.\ CO!'lVECTIVE HEAT TRA'SFER COEFFlClE'T FOR A' E'GlLFED ELE!\HSI (Q 4 1-
,I . .!
," 1 hr"u~il IlI.!lt.! 2
.1 .2 .3 .4 .5 .6 .7 .8 .9 1.0 1.1 1.2 U 1.4 I.~ 1.6 1.7 I.R 1.9 20
.1 .017 .013 .011 .010 .009 .008 .008 .007 .007 .007 .007 .006 .006 .006 .006 .006 .005 .005 .005 .005
.2 .026 .020 .017 .015 .014 .013 .012 .011 .011 .010 .010 .010 .009 .009 .009 .009 .008 .008 .008 .008
.3 .033 .025 .021 .019 .017 .0\6 .0\5 .014 .0\4 .013 .013 .0\2 .012 .01\ .011 .0\1 .0\1 .010 .010 .010
.4 .039 .030 .025 .022 .02\ .0\9 .0\8 .017 .0\6 .0\6 .015 .014 .0\4 .014 .013 .013 .013 .0\2 .0\2 .012
.5 .045 .034 .029 .026 .024 .022 .021 .019 .0\9 .0\8 .017 .017 .0\6 .016 .0\5 .015 .014 .014 .014 .013
.6 .050 .038 .032 .029 .026 .024 .023 .022 .021 .020 .019 .018 .0\8 .017 .017 .0\6 .0\6 .016 .015 .015
.7 .055 .04\ .035 .031 .029 .027 .025 .024 .023 .022 .021 .020 .020 .0\9 .0\9 .0\8 .0\8 .017 .017 .017
.8 .059 .045 .038 .034 .03\ .029 .027 .026 .025 .024 .023 .022 .02\ .02\ .020 .020 .019 .0\9 .0\8 .018
.9 .064 .048 .041 .037 .033 .03\ .029 .028 .026 .025 .024 .024 .023 .022 .022 .02\ .020 .020 .020 .019
1.0 .068 .05\ .044 .039 .036 .033 .031 .030 .028 .027 .026 .025 .024 .024 .023 .022 .022 .021 .021 .020
1.1 .072 .054 .046 .041 .038 .035 .033 .03\ .030 .029 .028 .027 .026 .025 .024 .024 .023 .023 .022 .022
1.2 .076 .057 .049 .043 .040 .037 .035 .033 .031 .030 .029 .028 .027 .026 .026 .025 .024 .024 .023 .023
1.3 .079 .060 .05\ .046 .042 .039 .036 .035 .033 .032 .030 .029 .028 .028 .027 .026 .026 .025 .024 .024
1.4 .083 .063 .053 .048 .044 .04\ .038 .036 .034 .033 .032 .031 .030 .029 .028 .027 .027 .026 .026 .025
I.S .087 .066 .056 .050 .045 .042 .040 .038 .036 .034 .033 .032 .031 .030 .029 .029 .028 .027 .027 .026
1.6 .090 .068 .058 .052 .047 .044 .041 .039 .037 .036 .034 .033 .032 .03\ .030 .030 .029 .028 .028 .027
1.7 .093 .07\ .060 .054 .049 .046 .043 .041 .039 .036 .036 .035 .033 .032 .032 .031 .030 .029 .029 .028
1.8 .096 .073 .062 .055 .05\ .047 .044 .042 .040 .038 .037 .036 .035 .034 .033 .032 .03\ .030 .030 .029
1.9 .\00 .076 .064 .057 .052 .049 .046 .043 .041 .040 .038 .037 .036 .035 .034 .033 .032 .031 .031 .030
2.0 .103 .078 .066 .059 .054 .050 .047 .045 .043 .041 .039 .038 .037 .036 .035 .034 .033 032 .032 .031
2.\ .106 .080 .068 .061 .056 .052 .049 .046 .044 .042 .041 .039 .038 .037 .036 .035 .034 .033 .033 032
2.2 .109 .082 .070 .063 .057 .053 .050 .047 .045 .043 .042 .040 .039 .038 .037 .036 .035 .034 034 .033
2.3 .112 .085 .072 .064 .059 .055 .05\ .049 .046 .045 .043 .041 .040 .039 .038 .037 .036 035 .034 .034
2.4 .1\5 .087 .074 .066 .060 .056 .053 .050 .048 .046 .044 .042 .04\ .040 .039 .038 .037 .036 .035 .035
::l:: I.! 2.5 .1\8 .089 .076 .067 .062 .057 .054 .051 .049 .047 .045 .043 .042 .041 .040 .039 .038 .037 .036 .035
...
2.6 .120 .091 .078 .069 .063 .059 .055 .052 .050 .048 .046 .045 .043 .042 .04\ .040 .039 .038 .037 .036
2.7 .\23 .093 .079 .07\ .065 .060 .057 .054 .05\ .049 .047 .046 .044 .043 042 .041 .040 .039 .038 .037
2.8 .126 .095 .081 .072 .066 .06\ .058 .055 .052 .050 .048 .047 .045 .044 .043 .041 .041 .040 .039 .038
2.9 .\28 .097 .083 .074 .067 .063 .059 .056 .053 .05\ .049 .048 .046 .045 .043 .042 .041 .040 .040 .039
3.0 .\31 .099 .084 .075 .069 .064 .060 .057 .054 .052 .050 .049 .047 .046 .044 .043 .oc:! .041 .040 .040
3.\ .134 .101 .086 .077 .070 .065 .061 .058 .056 .053 .051 .049 .048 .047 .045 .044 .043 .042 .041 040
3.2 .136 .103 .088 .078 .072 .067 .063 .059 .057 .054 .052 .050 049 .047 046 .045 .044 043 042 041
3.3 .139 .105 .089 .080 .073 .068 .064 .060 .058 .055 .053 .051 .050 .048 .047 .046 .04~ 044 .043 fl42
3.4 .141 .107 .09\ .081 .074 .069 .065 .062 .059 .056 .054 .052 .051 .049 .048 .047 .046 044 .044 043
3.5 .144 .109 .093 .083 076 .070 .066 .063 .060 .057 .OS~ .053 052 .050 .049 047 .046 045 044 043
3.6 .146 .1\\ .094 084 .077 .071 .067 .064 .06\ .058 .056 .054 052 .051 .050 .048 .04~ 046 04~ 044
3.7 .\49 .113 .096 .085 .078 .073 .068 .065 .062 .059 .057 .OS~ .053 .052 .050 .049 .048 047 .046 04~
3.8 .\5\ .1\5 .097 .087 .079 .074 .069 .066 063 .060 .058 .056 .054 .053 .05\ .050 .049 .048 .047 046
3.9 .\53 .1\6 .099 .088 .081 .075 .070 .067 .064 .061 .059 .057 .055 .053 .052 .051 .049 .048 .047 04(,
4.0 .\56 .1 \8 .\00 .089 .082 .076 .072 068 .065 .062 .060 .058 .056 .054 .053 .051 .050 049 048 04~
4.\ .158 .\20 .102 .091 .083 .077 .073 .069 .066 .063 .061 059 .057 .055 .054 .052 .051 .050 049 041(
4.2 .160 .122 .103 092 .084 .078 .074 .Q70 .067 064 .061 .059 .058 .056 .054 053 O~~ 050 (149 (148."-
4.3 .\63 .123 .105 .093 .085 .079 .07~ .071 .068 .065 .062 .060 058 .057 055 0~4 OS: 051 050 049
4.4 .165 .\25 .\06 .095 .087 .081 .076 .072 .069 066 .063 061 .059 .057 056 .054 053 052 .O~J .050
4.5 .167 .127 108 .096 .018 .082 .077 .073 .069 067 064 062 060 .058 057 055 054 053 051 050
4.6 .169 .llS .\09 .097 .019 .0113 .078 .074 .070 .067 .065 .063 .061 059 .057 .056 .055 053 052 .O~I
•.7 .172 .130 .111 .099 .090 .08" .079 .075 .071 .068 .066 .064 .062 .060 .058 .OS7 .OS~ 054 0~3 OS2
•.8 .17• .132 .112 .100 .091 .085 .080 .076 072 .069 .067 .064 .062 .060 059 .05 7 .056 .055 .054 OS:
".9 .176 .133 .113 .\0\ .092 .086 .08\ .077 .073 .070 .067 .065 .063 .061 .060 .058 .OS; 05~ .054 .053
S.O. .178 .135 .115 .102 .094 .087 .082 .078 .07• .071 .068 .066 .064 .062 .060 .059 .057 .056 .055 054
• <crz> =O.027d -0... f 0.6
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(\IH.I 11\ CO"o;\,ECTIVf. HEATTRA"'SFER COEFFIClE"'T FOR A:\ f.!\Gl'LFEO ELEME'\T (n )* (Continued)
d, - d,
,-" Thr"u~h Draft d= --'
- 2
2.1 2,2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 3.0 3.1 3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9 4.0
.1 :005 .005 .005 .005 .005 .005 .005 .004 .004 .004 .004 .004 .004 .004 .004 .004 .004 .004 .004 .004
.2 .008 .007 .007 .007 .007 .007 .007 .007 .007 .007 .007 .006 .006 .006 .006 .006 .006 .006 .006 .006
.3 .010 .010 .009 .009 .009 .009 .009 .009 .009 .008 .008 .008 .008 .008 .008 .008 .008 .008 .008 .008
.4 .012 .011 .011 .011 .011 .011 .010 .010 .010 .010 .010 .010 .010 .010 .009 .009 .009 .009 .009 .009
.5 .013 .013 .013 .013 .012 .012 .012 .012 .012 .011 .011 .011 .011 .011 .011 .011 .Oll .010 .010 .010
.6 .015 .014 .014 .014 .014 .014 .013 .013 .013 .013 .013 .012 .012 .012 .012 .012 .012 .012 .012 .011
.7 .016 .016 .016 .015 .015 .015 .015 .014 .014 .014 .014 .014 .014 .013 .013 .013 .013 .013 .013 .013
.8 .018 .017 .017 .017 .016 .016 .016 .016 .015 .015 .015 .015 .015 .014 .014 .014 .014 .014 .014 .014
.9 .019 .018 .018 .018 .018 .017 .017 .017 .017 .016 .016 .016 .016 .016 .015 .015 .015 .015 .015 .015
1.0 .020 .020 .019 .019 .019 .018 .018 .018 .018 .017 .017 .017 .017 .017 .016 .016 .016 .016 .016 .016
1.1 .021 .021 .020 .020 .020 .020 .019 .019 .019 .018 .018 .018 .018 .018 .017 .017 .017 .017 .017 .016
1.2 .022 .022 .022 .021 .021 .021 .020 .020 .020 .019 .019 .019 .019 .018 .018 .018 .018 .018 .017 .017
1.3 .023 .023 .023 .022 .022 .022 .021 .021 .021 .020 .020 .020 .020 .019 .019 .019 .019 .019 .018 .018
1.4 .025 .024 .024 .023 .023 .023 .022 .022 .022 .021 .021 .021 .020 .020 .020 .020 .020 .019 .019 .019
1.5 .026 .025 .025 .024 .024 .023 .023 .023 .022 .022 .022 .022 .021 .021 .021 .021 .020 .020 .020 .020
1.6 .027 .026 .026 .025 .025 .024 .024 .024 .023 .023 .023 .022 .022 .022 .022 .021 .021 .021 .021 .021
1.7 .028 .027 .027 .026 .026 .025 .025 .025 .024 .024 .024 .023 .023 .023 .022 .022 .022 .022 .022 .021
1.8 .029 .028 .028 .027 .027 .026 .026 .025 .025 .025 .024 .024 .024 .024 .023 .023 .023 .023 .022 .022
1.9 .029 .029 .028 .028 .028 .027 .027 .026 .026 .026 .025 .025 .025 .024 .024 .024 .024 .023 .023 .023
2.0 .030 .030 .029 .029 .028 .028 .028 .027 .027 .026 .026 .026 .025 .025 .025 .025 .024 .024 .024 .024
2.1 .031 .031 .030 .030 .029 .029 .028 .028 .028 .027 .027 .026 .026 .026 .026 .025 .025 .025 .024
.024
2.2 .032 .032 .031 .031 .030 .030 .029 .029 .028 .028 .028 .027 .027 .027 .026 .026 .026 .025 .025 .025
2.3 .033 .032 .032 .031 .031 .030 .030 .029 .029 .029 .028 .028 .028 .027 .027 .027 .026 .026 .026 .026
2.4 .034 .033 .033 .032 .032 .031 .031 .030 .030 .029 .029 .029 .028 .028 .028 .027 .027 .027 .026 .026
r:cl-t 2.5 .035 .034 .034 .033 .032 .032 .031 .031 .031 .030 .030 .029 .029 .029 .028 .028 .028 .027 .027 .027
2.6 .036 .035 .034 .034 .033 .033 .032 .032 .031 .031 .030 .030 .030 .029 .029 .029 .028 .028 .028 .028
2.7 .036 .036 .035 .035 .034 .033 .033 .032 .032 .032 .031 .031 .030 .030 .030 .029 .029 .029 .028 .028
2.8 .037 .037 .036 .035 .035 .034 .034 .033 .033 .032 .032 .031 .031 .031 .030 .030 .030 .029 .029 .029
2.9 .038 .037 .037 .036 .035 .035 .034 .034 .033 .033 .033 .032 .032 .031 .031 .031 .030 .030 .030 .029
3.0 .039 .038 .037 .037 .036 .036 .035 .035 .034 .034 .033 .033 .032 .032 .032 .031 .031 .031 .030 .030
3.1 .040 .039 .038 .038 .037 .036 .036 .035 .035 .034 .034 .033 .033 .033 .032 .032 .032 .031 .031 .031
3.2 .040 .040 .039 .038 .038 .037 .036 .036 .035 .035 .035 .034 .034 .033 .033 .033 .032 .032 .031 .031
3.3 ,041 .040 .040 .039 .038 .038 .037 .037 .036 .036 .035 .035 .034 .034 .033 .033 .033 .032 .032 .032
3.4 ,042 .04! ,040 .040 .039 .038 .038 .037 .037 .036 .036 .035 .035 .034 .034 .034 .033 .033 .033 .032
3.5 ,043 .042 .041 .040 .040 .039 .038 .038 .037 .037 .036 .036 .036 .035 .035 .034 .034 .034 .033 .033
3.6 .043 ,042 .042 .041 .040 .040 .039 .039 .038 .038 .037 .037 .036 .036 .035 .035 .035 .034 .034 .033
3.7 .044 .043 .042 .042 .041 .040 .040 .039 .039 .038 .038 .037 .037 .036 .036 .035 .035 .035 .034 .034
3.8 .045 .044 .043 .042 .042 .041 .040 .040 .039 .039 .038 .038 .037 .037 .036 .036 .036 .035 .035 .035
3.9 .045 .045 ,044 .043 .042 .042 .041 .040 .040 .039 .039 .038 .038 .037 .037 .037 .036 .036 .035 .035
4.0 .046 .045 .044 .044 ,043 .042 .042 .041 .041 .040 .039 .039 .038 .038 .038 .037 .037 .036 .036 .036
4,1 .047 .046 .045 ,044 .044 .043 .042 .042 .041 .041 .040 .040 .039 .039 .038 .038 .037 .037 .037 .036
4.2 .047 ,047 .046 .045 .044 .044 .043 .042 .042 .041 .041 .040 .040 .039 .039 .038 .038 .037 .037 .037
4.3 .048 .047 ,046 .046 ,045 .044 .044 .043 .042 .042 .041 .041 .040 .040 .039 .039 .038 .038 .038 .037
4.4 .049 .048 .047 .046 .046 .045 .044 .044 .043 .042 .042 .041 .041 .040 .040 .039 .039 .039 .038 .038
4.5 .049 .049 .048 .047 .046 .045 .045 .044 .043 .043 .042 .042 .041 .041 .040 .040 .039 .039 .039 .038
4.6 .050 .049 .048 .048 .047 .046 .045 .045 .044 .043 .043 .042 .042 .041 .041 .040 .040 .040 .039 .039
4.7 .051 .050 .049 .048 .047 .047 .046 .045 .045 .044 .043 .043 .042 .042 .041 .041 .040 .040 .040 .039
4.8 .051 .050 .050 .049 .048 .047 .047 .046 .045 .045 .044 .043 .043 .042 .042 .041 .041 .041 .040 .040
4.9 .052 .051 .050 .049 .049 .048 .047 .046 .046 .045 .045 .044 .043 .043 .042 .042 .042 .041 .041 .040
5.0 .053 .052 .051 .050 .049 .048 .048 .047 .046 .046 .045 .045 .044 .043 .043 .042 .042 .042 .041 .041
• (OZ) = O.O:!7d -0.4 f 0.6
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TABU 11-\ CONVECTIVE HEAT TRANSFER COEFFIClE~TFOR A~ E:\lGliLFEJ) EI.[\1['1 (n '" (unlinued)
. . el, ~ .I,
!'o Thr'lugh Draft d=---y--'
4.1 4,2 4.3 4.4 4.5 4.6 4.7 4.8 4.9 5.0
.1 .004 .004 .004 .004 .004 .004 .004 .004 .004 .004
.2 .006 .006 .006 .006 .006 .006 .006 .005 .005 .005
.3 .007 .007 .007 .007 .007 .007 .cm .007 .007 .007
.4 .009 .009 .009 .009 .009 .008 .008 .008 .008 .008
.5 .010 .010 .010 .010 .010 .010 .010 .010 .009 .009
.6 .011 .011 .011 .011 .011 .011 .011 .011 .011 .010
.7 .012 .012 .012 .012 .012 .012 .012 .012 .012 .011
.8 .013 .013 .013 .013 .013 .013 .013 .013 .013 .012
.9 .014 .014 .014 .014 .014 .014 .014 .014 .013 .013
1.0 .015 .015 .015 .015 .015 .015 .015 .014 .014 .014
I.l .016 .016 .016 .016 .016 .016 .015 .015 .015 .015
1.2 .017 .017 .017 .017 .017 .016 .016 .016 .016 .016
1.3 .018 .018 .018 .017 .017 ,017 .017 .017 .017 .017
1.4 .019 .019 .018 .018 .018 .018 .018 .018 .017 .017
1.5 .020 .019 .019 .019 .019 .019 .019 .018 .018 .018
1.6 .020 .020 .020 .020 .020 .019 .019 .019 .019 .019
1.7 ,021 .021 .021 .021 .020 .020 .020 .020 .020 .020
1.8 .022 .022 .021 .021 .021 .021 .021 .021 .020 .020
1.9 .023 .022 .022 .022 .022 .022 .021 .021 .021 .021
2.0 .023 .023 .023 .023 .022 .022 .022 .022 .022 .021
2.1 .024 .024 .024 .023 .023 .023 .023 .023 .022 .022
2.2 .025 .024 .024 .024 .024 .024 .023 .023 .023 .023
2.3 .025 .025 .025 .025 .024 .024 .024 .024 .024 .023
Cl:1~ 2.4 .026 .026 .025 .025 .025 .025 .025 .024 .024 .024
II 2.5 .027 .026 .026 .026 .026 .025 .025 .025 .025 .025
...
2.6 .027 .027 .027 .026 .026 .026 .026 .026 .025 .025
2.8 .028 .028 .027 .027 .027 .027 .026 .026 .026 .026
2.8 .028 .028 .028 .028 .027 .027 .027 .027 .027 .026
2.9 .029 .029 .029 .028 .028 .028 .028 .027 .027 .027
3.0 .030 .029 .029 .029 .029 .028 .028 .028 .028 .027
3.1 .030 .030 .030 .029 .029 .029 .029 .028 .028 .028
3.2 .031 .031 .030 .030 .030 .029 .029 .029 .029 .029
3.3 .031 .031 .031 .031 .030 .030 .030 .030 .029 .029
3.4 .032 .032 .031 .031 .031 .031 .030 .030 .030 .030
3.5 .033 .032 .032 .032 .031 .031 .031 .031 .030 .030
3.6 .033 .033 .032 .032 .032 .032 .031 .031 .031 .031
3.7 .034 ,033 .033 .033 .032 .032 .032 .032 .031 .031
3.8 .034 .034 .034 .033 .033 .033 .032 .032 .032 .032
3.9 .035 .034 ,034 .034 .033 .033 .Oi3 .033 .032 .032
4.0 .035 .035 .035 .034 ,034 .034 .033 .033 .033 .033
4.1 .036 .035 .035 .035 .034 .034 .034 .034 .033 .033
4.2 .036 .036 .036 .035 .035 .035 .034 .034 .034 .034
4.3 ,037 .036 .036 .036 .035 .035 .035 .035 .034 .034
4.4 .037 .037 .037 .036 .036 .036 .035 .035 .035 .035
4.5 .038 .037 .037 .037 .036 .036 .036 .036 .035 .035
4.6 .038 .038 .038 .037 .037 .037 .036 .036 .036 .035
4.7 .039 .038 .038 .038 .037 .037 .037 .036 .036 .036
4.8 .039 .039 .039 .038 .038 .038 .037 .037 .037 .036
4.9 .040 .039 .039 .039 .038 038 .038 .037 .037 .037
S.O .040 .040 .040 .039 .039 .039 .038 .038 .038 .037
• (~) = O.027d-G.A(o••
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I\Bl./ II B CONVECTIVE HEAT TRANSFER COEFFICIENT FOR AN ENGlJLFED ELEMENT (az )
.1 .3 4 .5 6
", ~ C/,Through Draft COnUIlIl)n d=--
, 2




















































.100076 .064 .057 .053
.15~ .115 .098 .087 .080
.193 .147 .125 .111 .102
230 .174 .148 .132 .121
.263 .199 .169 .151 .138
.293 .222 .189 .168 .154
.321 .244 .207185 .169
.348 .264 .224 .200 .183
.374 .283 .241 .215 .196
.398 .302 .257 .229 .209
.422 .3 19 .272 .242 .221
.444 .337 .286 .255 .233
.4M .353 .300 .268 .245
.487 .369 .314 .280 .256
.508 .385 .327 .292 .267
.528 .400 .340 .303 .277
.547 .415 .353 .314 .288
.560 .429 .365 .325 .298
.585 .443 .377 .336 .307
.603 .457 .389 .347 .317
.621 .471 .400 .357 .326
.639 .484 .412 .367 .336
.656 .497 .423 .377 .345
.673 .510 .434 .387 .354
.690 .523 .445 .396 .362
.706 .535 .455 .406 .371
.72~ .548 .466 .4\5 .380
.738 .560 .476 .424 .388
.754 .572 .486 .433 .396
.770 .583 .496 .44~ .404
.785 .595 .506 .451 .412
.800 .606 .516 .459 .420
815 .618 .5~5 .468 .428
.830 .6~9 .535 .477 .436
.844 .1>40 .544 .485 .443
.85'1 .651 .553493 .451
.873 .661 .56~ .501 .458
.887 .67~ .572 .509 466
.90 I .683 .580 .517 .473
.915 .6'1358'1 .5~5 .480
.'I~8 .703 .598 .533 .488
.'142 714 .1>07 .54\ 495
.'155724 .61654'1 .502
.968 .734 .6~4 .556 .509
.98~ .744 .633 .564 .516
.995 .754 .641 .571 .52~
1.008 .764 .649 .579 .529
1.0~0 .773 .658 .586 .536
1.033 .783 .666 .593 .543
1.046 .792 .674 .1>0 I .549
.049046 .044 .04~ .040
.074 .070 .066 .063 .060
.0'14 .08'1 .084 .080 .077
.112 .105 .100 .0'15 .091
.128 .I~I .114 .109 .105
.143 .135 .128 .12~ .117
.157 .148 .140 .133 .128
.170 .160 .152 .145 .139
.183 .172 .163 .155 .149
.1'14 .183 .173 .165 .158
.206 .1'14 .183 .175 .168
.~17 .204 .193 .184 .177
.228 .214 .203 .193 .186
.238 .~24 .212 .202 .194
.248 .233 .221 .211 .202
.258 .242 .230 .~ 19 .~ 10
.267 .251 .238 .~27 .218
.~77 .260 .247 .235 .226
.286 .269 .255 .243 .233
.295 .277 .263 .251 .240
.303 .285 .270 .258 .247
.31 ~ .293 .278 .265 .254
.320 .30 I .286 .~72 .261
.329 .309 .293 .280 .268
.337317 .300 .286 .275
.345 .324 .307 .293 .281
.353 .332 .314 .300 .288
.361 .339 .321 .307 .294
.368 .346 .328 .313 .300
376 .353 .335 .320 .306
.383 .360 .342 .326 .312
.39\ .367 .348 .332 .318
398 .374 .355 .338 .324
405381 .361 .345 .330
41~ .388 .367 .351 .336
419 .3'14 .374 .357 .34~
.426 .40 I .380 .362 .347
433 .407 .386 .368 .353
440414 .39~ .374 .359
.447 .4~0 .398 .380 .364
.453 .426 .404 .385 .370
.41>043~41O .391 .375
.466 .439416 .397 .380
.473 .445 42~ .402 .386
.479451 427 .408 .391
.486 .457433 .413 .396
.49~ .463 .439 .418 .401
.498 .468 .444424 .406
.504474 .450 .429 .411
.511 .480 .455 .434 .416
.038 .037 .036 .035 .034
.058 .056 .054 .053 .051
.074 .072 .069 .067 .065
.088 .085 .082 .080 .078
.101 .097 .094 .091 .089
.II~ .108 .105 .IO~ .099
.123 .119 .115 .112 .109
.133 .129 .1~5 .121 .118
.143 .138 .134 .130 .127
.153 .147 .143 .139 .135
.162 .156 .151 .147 .143
.170 .164 .159 .155 .150
.179 .172 .167 .162 .158
.187 .180 .175 .170 .165
.195 .188 .182 .177 .172
.20~ .195 .189 .184 . I 79
.210 .203 .196 .190 .185
.217 .210 .203 .197 .19~
.~24 .~ 17 .210 .204 .198
.231 .223 .216 .210 .204
.~38 .230 .~23 .216 .210
.245 .236 .229 .222 .216
.251 .243 .235 .228 .222
.258 .249 .241 .234 .228
.264 .255 .247 .240 .234
.271 .261 .253 .246 .239
.277 .267 .259 .251 .245
.283 .273 .265 .257 .250
.289 .279 .270 .262 .255
.295 .285 .~76 .268 .261
.30 I .290 .281 .273 .266
.307 .296 .287 .278 .271
.312 .302 .292 .284 .276
318 .307 .297 .289 .281
.324 .312 .303 .294 .286
.329 .318 .308 .299 .291
334 .323 .313 .304 .295
.340 .328 .318 .309 .300
.345 .333 .323 .313 .305
.350 .339 .328 .318 .310
.356 .344 .333 .323 .314
.361 .349 .338 .328 .319
.366 .354 .342 .332 .323
.371 .358347 .337 .328
.376363 .352 .342 .332
.381 .368 .357 .346 .337
.386 .373 .361 .351 .341
.391 .378 .366 .355 .345
.396 .382 .370 .359 .350
.401 .387 .375 .364 .354
.033 .032 .031 .03 I .030
.050 .049 .048 .047 .046
.064 .062 .061 .060 .058
.076 .074 .072 .071 .069
.087 .085 .083 .081 .079
.097 .094 .092 .090 .088
.106 .103 .101 .099 .097
.115 .112 .110 .107 .105
.123 .120 .118 .115 .113
.131 .128 .125 .123 .120
.139 .136 .133 .130 .127
.147 .143 .140 .137 .134
.154 .150 .147 .144 .141
.161 .157 .153 .150 .147
.167 .163 .160 .156 .153
. 174 .170 .166 .163 .159
.181.176.172.169.165
.187.182.178.174.171
.193 .188 .184 .180 .177
.199 .194 .190 .186 .182
.205 .200 .196 .191 .187
.211.206 .201.197.193
.216 .211 .207 .202 .198
.222 .217 .212 .207 .203
.228 .222 .217 .212 .208
.233 .227 .222 .218 .213
.238 .233 .227 .222 .218
.244 .238 .232 .227 .223
.249 .243 .237 .232 .228
.254 .248 .242 .237 .232
.259 .253 .247 ..242 .237
.264 .258 .252 .246 .241
.269 .262 .256 .251 .246
.274 .267 .261 .255 .250
.278 .272 .266 .21>0 .255
.283 .276 .270 .264 .259
.288 .28\ .275 .269 .263
.293 .286 .279 .273 .268
.297 .290 .283 .277 .272
.302 .294 .288 .282 .276
.306 .299 ~292 .286 .280
.311 .303 .296 .290 .284
.315 .308 .30 I .294 .288
.319 .312 .305 .298 .292
.324 .316 .309 .302 .296
.328 .320 .313 .306 .300
.332 .324 .317 .310 .304
.337 .329 .321 .314 .308
.341 .333 .325 .318 .312
.345 .337 .329 .322 .315
Qz =O.OHX}.()·· (0.6
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J, - d.
Throuch Draft CllnJlllon J=--'
- 2











.030 .029 .029 .028 .028
.045 .044 .043 .043 .042
.057 .056 .055 .054 .053
.068 .067 .066 .064 .063
.078 .076 .075 .074 .072
.087 .085 .084 .082 .081
.095 .093 .092 .090 .089
.103 .101 .099 .098 .096
.111 .109 .107 .105 .103
.118 .116 .114 .112 .110
.027 .027 .026 .026 .026
.041 .041 .040 .039 .039
.053 .052 .051 .050 .050
.062 .061 .061 .060 .059
.071 .070 .069 .068 .067
.080 .078 .077 .076 .075
.087 .086 .085 .084 .082
.095 .093 .092 .091 .089
.102 .100 .099 .097 .096
.108 .107 .105 .104 .102
.025 .025025 .024 .024
.038 .038 .0.'7 .0.'7 .037
.049 .048 .048 .047 .047
.058 .057 .057 .056 .055
.067 .066 .065 .004 .063
.074 .073072 .071 .071
.081 .080 .079 .078 .078
.088 .087 .086 .085 .084
.095 .093 .092 .091 .090
.101.100 .098 .097 .096
.024 .024023023 .023
.036 .036 035035 .0.'5
.046 .046045 .045 .044
.055 .054 .054 .053 .053
.063 .062 .061 .Oh 1 .060
.070 .069 .068 .Oh8 .067
.077 .076 .075 .074 .073
.083 .082 .081 .080 .080
.089 .088 .087 .086 .085
.095 .094 .093 .092 .091
110. .125 .122 .120 .118 .116
120. .131 .129 .127 .125 .123
130. .138 .135 .133 .131 .129
140. .144 .141 .139 .137 .134
150. .150 .147 .145 .142 .140
160..156.153.151.148.146
170. . 162 .159 .156 .154 . 151
180. .168 .165 .162 .159 .156
190. .173 .170 .167 .164 .161
200. .179 .175 .172 .169 .167
.115.113.111110 .108
.121 .119 .117 .115 .114
.127 .125 .123 .121120
.132 .130 .128 .127 .125
.138 .136 .134 . 132 .130
.143 .141 .139 .137 .135
.149146 .144 .142140
.154152 .149 .147145
.159 .157 . 154 .152 . 150
.164 .161 .159 .157 .155
.107 . 105 .104 .103 . 102
.112 .111 .110 .108 .107
.118 .116 .115 .114 .112
.123 122 .120 .119 .118
.129 .127125 .124 .122
.134 .132 .130 .129 .127
.139 .137 .135 .134 .132
143 .142 .140 .138 .137
.148 .146 .144 .143141
.153 .151 .149 .147146
.101 .099098 .097 .096
.106 .105 .104 .103 .102
.11 1 .110 .109 .108 .107
116 .115 .114 .113 .111
.121.120.119.117.116
.126 .125 .123 .122 .121
.131 .129 .128126 .125
.135.134132.131.130

































































































































































































































.232 .228 .224 .220 .217
.237 .232 .228 .224 .221
.241 .237 .232 .229 .225
.245 .241 .237 .233 .229
.250 .245 .241 .237 .233
.254 .249 .245 .241 .237
.258 .253 .249 .245 .241
.262 .258 .253 .249 .245
.267 .262 .257 .253 .249
271 .266 .261 .257 .252
.275 .270 .265 .260 .256
.279 .274 .269 .264 .260
.283 .277 .273 .268 .264
.287 .281 .276 .272 .267
.290 .285 .280 .275271
.294 .289 .284 .279 .274
.298 .293 .287 .283 .278
.302 .296 .291 .286 .282
.306 .300 .295 .290 .285
.309 .304 .298 .293 .289
.213210 .207 .204201
.217 .214 .2\1 .208205
.221 .218 .215 .212209
.225.222.219.216213
.229 .226 .223 .220 .217
.233 .230 .226 .223220
.237 .234 .230 .227224
.241 .237 .234 .231 .228
.245 .24i .238 .234 .231
.248 .245 .241 .238 .235
.252 .248 .245241 .238
.256 .252 .248 .245 .242
.259 .256 .252 .248 .245
263 .259 .255 .252248
.267263 .259 .255252
.270 .266 .262 .259255
.274 .270 .266 .262 .258
.277 .273 .269 .265 .262
.281 .276 .272 .269 .265
.284 .280 .276 .272 .268
.199 .196 .194 .192 .189
.203 .200 .198 195 .193
.206 .204201 .199 .197
.210 .207 .205 .202 .200
.214 .211 .208 .206 .204
.217 .215 .212 .210 .207
.221218216 213211
.225 .222 .2 f9 .2(6 .214
.228 .225 .222 .220 .217
.232 .229 .226 .223 .221
.235 .232 .229 .227 .224
.238 .235233 .230 .227
.242 .239 .236 .233 .230
.245 .242 .239 .236 .234
.249 .245 .242 .240 .237
.252 .249 .246 .243 .240
.255 .252 .249 .246 .243
.258 .255 .252 .249 .2~
.262 .258 .255 .252 .249
.265 .261 .258 .255 .252
.187185 1113 181 179
I'll 189 187 18~ 183
.194 192190 188 II</>
198 1% 194 .192 190
.201 199 197 .195 193
.205203200 198 1%
.208 .206 204 .202 .200
.212 .209207 .205 .203
215212210 .208 .206
.218 .216 .213 .211 .209
.221 .219 217 .214 .212
225 .222 .220218 .215
.228 .225 .223 .221 218
.23\ .22F .22t> 224 22\
234 .232 229 227224
.237 .235232 .230227
.240 .238 .235 .233 .230
.243 .241 .238 .236 .233
.246 .244 .241 .239 .236
.249 .247 .244 .242 .239
• ctz = O.OH)d-O·. fO.6
81
I\BI.F II B CONVECTIVE HEAT TRANSFER COEFFICIENT FOR AN ENGULFED ELEMENT <azl
J, + J,
Through Draft Condition J=---
2
4.\ 4.2 4.3 4.4 4.5 4.t. 4.7 4.8 4.9 5.0
1O. .023 .022 .022 .022 .022 .022 .021 .021 .02\ .021
20 .034 034 .034 .033 .033 .033 .032 .032 .032 .032
3O. .044 .043 .043 .043 .042 .042 .041 .04\ .041 .040
4O. .052 .052 .051 .051 .050 .050 .049 .049 .048 .048
50. .059 .059 .058 .058 .057 .057 .056 .056 .055 .055
6O. .066 .066 .065 .064 .064 .063 .063 .062 .062 .061
7O. .073 .072 .071 .071 .D70 .069 .069 .068 .068 .067
80 .079 '.078 .077 .077 .076 .075 .075 .074 .073 .073
90. .085 .084 083 .082 .082 .081 .080 .079 .079 .078
I!Xl. .090 .089 .088 .088 .087 .086 .085 .085 .084 .083
11O. .095 .095 .094 .093 092 .09\ .090 .090 .089 .088
12O. .101 .100 .099 .098 .097 .096 .095 .094 .094 .093
\30. .105 .104 .104 .103 .102 .101 .100 .099 .098 .097
14O. .110 .109 .108 .107 .106 .105 .104 .104 .103 .102
ISO. .115 .114 .113 .112 .111 .110 .109 .108 .107 .106
It.O. .\19 .118 .117 .116 .115 .114 .113 .112 .111 .110
17O. .124 .123 .122 .120 .119 .118 .117 .116 .115 .114
18O. 128 .127 126 .125 .124 .122 .121 .120 .119 .118
190. .132 .131 .130 .129 .128 .127 .125 .124 .123 .122
200. .137 .135 .134 .\33 .132 .130 .129 .128 .127 .126
210. .141 .139 .138 .137 136 134 .133 .132 .13 I 130
-
220 145 .143 .142 141 .13'1 .138 137 .136 .135 .134
::I~ 23O. .14'1 .147 .14t. .144 .143 .142 .141 .139 .138 .137
ct: 1-:"
24O. 152 .151 150 .148 147 .14t. .144 .143 .142 .141
-
25O. 156 .155 153 .152 .150 .14'1 148 .147 .145 .144
i:
"- 26O. 160 158 .157 .155 .154 .153 .\51 .150 .14'1 .148
27O. .164 .162 160 .159 .158 .156 155 .154 .152 .151
28O. .167 .166 .\64 .163 .161 .160 .158 .157 .156 .154
290. .171 .169 168 .166 .164 .163 162 .160 .\59 .158
300 174 173 171 .16'1 168 .166 \65 .164 .162 .161
310 .178 .17t. .174 .173 .171 .170 .168 .167 .\65 .164
320 .181 .179 178 .17t. 175 .173 .17\ .170 .169 167
DO. 184 .183 \8\ .179 178 17t. 175 .173 .172 170
340 188 .18t. 184 .183 .\81 .179 .In .17t. .175 .173
350 191 184 .IX8 IXt. IX4 .183 181 .17'1 178 .177
31>0 .1'14 143 I'll . 1!1ll 187 .18t. .184 .183 .181 .180
370 .198 19t. .144 .142 \90 .18'1 187 .18t. .184 .183
38O. .201 .14'1 .1'17 1'15 1'13 .1'12 190 .189 .187 .185
390 204 .202 200 198 .1% .195 193 I'll .190 .188
41l(l .207 205 203 201 200 198 1% .194 .193 .191
410. .210 .208 .206 .204 .202 .201 .199 .197 .196 .1 'l4
420. 21.\ .211 20'l .207 205 .204 .202 .200 .199 .197
430 .21t. .214 .212 .210 .201' .207 .205 203 .201 .200
440 21<) .217 .215 213 .211 .209 .208 .206 .204 .203
450 .220 .218 .21t. .214 .212 .210 .209 .207 .205
460. .215 .223 .221 .219 .217 .215 .213 .211 .210 .208
47O. .228 .226 .224 ~,~ .220 .218 .216 .214 .212 .211
48O. .231 .229 .227 .:!~5 223 .221 .219 .217 .215 .213
490 .234 .23:! .229 .227 .~Z5 .2:!3 .221 .220 .218 .216
500. .237 .234 .232 .230 .228 .226 .224 .Z21 .220 .219
LX: = 0.010 d .{).4 f 0.6
82

















































































































































































































































101.07 114.77 128.47 142.17 155.117
104.05 1\7.85 131.65 145.45 159.25
107.10 121.00 134.90 148.80 162.70
110.22 124.22 138.22 152.22 166.22
11340 127.50 141.60 155.70 169.l:O
109.57 183.27 190.'17 210.1>7 22437
17305 IRo.x5 200.05 214.45 221'.25
170.flO 190.50 204.40 2100 232.20
180.22 194.22 208.22 222.22 231>.22
IR3.'I\) 19X1Xl 212.10 220.20 240.30
238.0~ 251.77 205.47 27lJ 17 2'12 X7
24205 255 x5 20'l.b5 28.14' 2'172'
24b.1O 21>0.00 273.'1\1 2X7 XO 301 70
250.22 204.22 278.22 2'1222 306.22






133.97 148.67 163.37 178.07 192.77
137.65 152.45 167.25 182.05 196.85
141.41 156.31 171.21 186.11 201.01
145.24 160.24 17524 190.24 205.24







































IR7.1>5 201.115 211>.0~ 23025 244.45
19147 205.77 220.07 234.37 2411.07
195.30 209.70 224.11> 231'.56 252~1>
199.32 213112 2202 242R2 25732
203.36 217.% 232.50 247.10 201.71>
207.47 22217 230.87 251.57 21>0.27
211.65 220.45 241.25 2~0.05 270.85
215.91 DO.RI 245.71 200.01 275.5\
220.24 235.24 250.24 205.24 21<0.24
2241>1> 23'1.70 254.110 21>9'10 285()/1
25X.65 272X5 21170' 301 2' .1 Iq,
20297 277.27 2'1\57 30~87 3201 7
207.31> 28171> 2%.10 31051> 324~1>
27U2 28td2 300.82 31532 32~ 82
271>.3() 290.'11> 305.50 320 II> 3.147()
280.97 2'15.1>7 31037 325.07 33lJ7":'
21'505 30045 315.25 330.05 .144 8'
29041 30531 32021 33' 1\ 3'001
2'15.24 310.24 325.24 .140.24 355.24





















15315 168.35 18355 198.75 21395
157.22 172.52 18H2 203.12 21R42
161.37 176.77 19217 207.51 222.97
165.60 IRI.IO 1%.00 212.10 227.60
169.9\ 185.51201.11216.7123231
17431 190.01 20571 221.41 2.<7 II
1711.80 194.60 210.40 226.20 24200
183.37 19927 215.17 23107 246.97
18802 20402 220.02 236.02 252.02
192.77 20RR7 22497 241.07 25717
197.60 2Ll.80 23000 240.20 20240
202.53 21R.83 23513 25143 207.73
207.54 22394 240.3·~ 250 74 273 14
212.65 22915 24505 26215 278.65
217.85 234.45 251.05 267.65 2S4.25
22315 23985 256.55 nus 289.95
228.54 245.34 262.14 278.94 295.74
234.03 250.93 267.83 284.73 301.63
239.62 256.62 273.62 290.62 307.62
245.31 262.41 279.51 296.61 31371
83
229 15 244.35 259 5' 274 7~ 21''19'
233.72 24902 26432 27'1.1>2 2'1492
231\37 25377 209.17 21'45 7 29'197
24310 25R60 27410 21''1Nl 305.10
24791 2H51 279 II 2'1471 310.31
25281 268.51 2R4.21 29991 31561
257.110 27H/) 2R940 305.20 321lXJ
262.R"' 27f'(77 29407 31057 32047
201\02 2114 02 300.02 310.02 332.02
273.27 2f'(937 30547 )21'7 33707
271\ (,() 294.1\0 3110t1 327.20 .34.\ 411
21<4.03 300.33 3101» 33293 34923
2119~4 305.'14 32234 331\.74 355.14
29~.15 31165 321< 15 344 05 361 15
300.85 317.45 334.05 350.05 367.2~
30665 323.35 340.05 35675 31345
312.54 329.34 34614 362.94 379.74
318.53 335.43 352.33 369.23 386.13
324.62 J41.62 3511.62 375.62 39262
330.111 34791 36501 382.11 399.21
30.' I' 32035 335." .1'07' .11>' 'I'
310.22 32~ 52 340.82 3~() \2 37142
115.37 3307~ 341117 3hl '7 37()</-
320 Oil 331>10 )'I.NI 3()710 3X2NI
32''11 141'1 3'71\ 37271 38nl
3313134701 3t>271 37841 3</411
330 1(0 3~2 NI 3h!i 40 31'4.20 40000
34237 3'1-2 7 3741~ 3'1\IO~ 40'9~
348 02 31>4 02 31'002 3'1h 02 412 02
3~3 T 3h987 38597 4()207 411- 17
.\''1 WI .\751W 3</2 W 4/W20 4244(1
36553 3!1183 3'18\3 41443 4'0 7 ,
371.54 38794 4Il.l 14 42074 4.17 14
3771>5 3lJ4 I~ 41005 42715 44.11>'
31\H5 4IK145 41705 433(,5 450.2~
390.15 406.1\5 42.\ 55 440.25 45695
3%54 41334 43014 440.94 40374
403.03 419.93 430.83 453.73 470(,3
409.62 426.62 44362 40002 477.62
416.31 433.41 450.51 407.61 4S4.71
TABLE 12 FOR FINDING TEMPERATURE OF EXPOSED COLUMN ENGULFED 1;'1; FLAME (Continued)
Convective Heat Transfer Coefficient «Xz )
.15 .16 .17 .18 .19 .20 .21 " .23 .24 .25 .26 .27 .28 .29
760. 246.56 258.76 270.96 283.16 295.36 307.56 319.76 331.96 344: (, . 35(,.36 368.56 380.7(, 392.96 405.16 417.3(,
770. 250.17 262.47 274.77 287.D7 299.37 311.67 323.97 336.27 348.57 360.87 373.17 385.47 397.77 410.07 422.37
780. 253.83 266.23 278.63 291.03 303.43 315.83 328.23 340.63 353.03 365.43 377.83 390.23 402.63 415.03 427.43
790. 257.54 270.04 282.54 295.04 307.54 320.04 332.54 345.04 357.54 370.04 382.54 395.04 407.54 420.04 432.54
800. 261.31 273.91 286.51 299.11 311.71 324.31 336.91 349.51 362.11 374.7\ 387.31 399.91 412.51 425.11 437.71
810. 265.14 277.84 290.54 303.24 3\5.94 328.64 341.34 354.04 3(,6.74 379.44 392.14 404.84 417.54 430.24 442.94
820. 269.01 281.81 294.61 307.41 320.21 333.01 345.81 358.61 371.41 384.2\ 397.01 409.81 422.61 435.41 448.21
830. 272.95 285.85 298.75 311.65 324.55 337.45 350.35 363.25 376.15 389.05 401.95 414.85 427.75 440.65 453.55
840. 276.94 289.94 302.94 315.94 328.94 341.94 354.94 367.94 380.94 393.94 406.94 419.94 432.94 445.94 458.94
850. 280.99 294.09 307.19 320.29 333.39 346.49 359.59 372.69 385.79 398.89 411.99 425.09 438.19 451.29 464.39
860. 285.10 298.30 311.50 324.70 337.90 351.10 364.30 377.50 390.70 403.90 417.10 430.30 443.50 456.70 469.90
870. 289.27 302.57 315.87 329.17 342.47 355.77 369.D7 382.37 395.67 408.97 422.27 435.57 448.87 462.17 475.47
880. 293.50 306.90 320.30 333.70 347.10 360.50 373.90 387.30 400.70 414.10 427.50 440.90 454.30 467.70 481.10
890. 297.79 311.29 324.79 338.29 351.79 365.29 378.79 392.29 405.79 4\9.29 432.79 446.29 459.79 473.29 486.79
900. 302.15 315.75 329.35 342.95 356.55 370.15 383.75 397.35 410.95 424.55 438.15 451.75 465.35 478.95 492.55
910. 306.57 320.27 333.97 347.67 361.37 375.07 388.77 402.47 416.17 429.87 443.57 457.27 470.97 484.67 498.37
920. 311.05 324.85 338.65 352.45 366.25 380.05 393.85 407.65 421.45 435.25 449.05 462.85 476.65 490.45 504.25
930. 315.60 329.50 343.40 357.30 371.20 385.10 399.00 412.90 426.80 440.70 454.60 468.50 482.40 496.30 510.20
940. 320.22 334.22 348.22 362.22 376.22 390.22 404.22 418.22 432.22 446.22 460.22 474.22 488.22 502.22 516.22
t:. 950. 324.90 339.00 353.10 367.20 381.30 395.40 409.50 423.60 437.70 451.80 465.90 480.00 494.10 508.20 522.30
0
,-..
960. 329.65 343.85 358.05 372.25 386.45 400.65 414.85 429.05 443.25 457.45 471.65 485.85 500.05 514.25 528.45~..
'-' 970. 334.47 348.77 363.07 377.37 391.67 405.97 420.27 434.57 448.87 463.17 477.47 491.77 506.07 520.37 534.67~
.: 980. 339.36 353.76 368.16 382.56 396.96 411.36 425.76 440.16 454.56 468.96 483.36 497.76 5\2.16 526.56 540.96
e 990. 344.32 358.82 373.32 387.82 402.32 416.82 431.32 445.82 460.32 474.82 489.32 503.82 518.32 532.82 547.32
"Co. 363.96 378.56 393.16 407.76 422.36 436.96E 1000. 349.36 451.56 466.16 480.76 495.36 509.96 524.56 539.16 553.76
"I-
"
1010. 354.47 369.17 383.87 398.57 413.27 427.97 442.67 457.37 472.07 486.77 501.47 516.17 530.87 545.57 560.27<lJ
Vi 1020. 359.65 374.45 389.25 404.05 418.85 433.65 448.45 463.25 478.05 492.85 507.65 522.45 537.25 552.05 566.85
1030. 364.91 379.81 394.71 409.61 424.51 439.41 454.31 469.21 484.1\ 499.01 513.91 528.81 543.71 558.61 573.51
1040. 370.24 385.24 400.24 415.24 430.24 445.24 460.24 475.24 490.24 505.24 520.24 535.24 550.24 565.24 580.24
1050. 375.66 390.76 405.86 420.96 436.06 451.16 466.26 481.36 496.46 511.56 526.66 541.76 556.86 571.96 587.06
1060. 381.15 396.35 411.55 426.75 441.95 457.15 472.35 487.55 502.75 5\7.95 533.15 548.35 563.55 578.75 593.95
1070. 386.72 402.02 417.32 432.62 447.92 463.22 478.52 493.82 509.12 524.42 539.72 555.02 570.32 585.62 600.92
1080. 392.37 407.77 423.17 438.57 453.97 469.37 484.77 500.17 515.57 530.97 546.37 561.77 577.17 592.57 607.97
1090. 398.10 4\3.60 429.10 444.60 460.10 475.60 491.10 506.60 522.10 537.60 553.10 568.60 584.10 599.60 615.10
1100. 403.9\ 419.51 435.11 450.71 466.31 481.91 497.51 513.11 528.7\ 544.31 559.91 575.51 591.1\ 606.7\ 622.31
\110. 409.81 425.5\ 441.21 456.91 472.61 488.3\ 504.01 519.7\ 535.41 551.11 566.81 582.5\ 598.2\ 613.9\ 629.61
1120. 415.80 431.60 447.40 463.20 479.00 494.80 510.60 526.40 542.20 558.00 573.80 589.60 605.40 621.20 637.00
1130. 421.87 437.77 453.67 469.57 485.47 501.37 517.27 533.17 549.07 564.97 580.87 596.77 612.67 628.57 644.47
1140. 428.02 444.02 460.02 476.02 492.02 508.02 524.02 540.02 556.02 572.02 588.02 604.02 620.02 636.02 652.02
1150. 434.27 450.37 466.47 482.57 498.67 514.77 530.87 546.97 563.07 579.17 595.27 611.37 627.47 643.57 659.67
1\60. 440.60 456.80 473.00 489.20 505.40 521.60 537.80 554.00 570.20 586.40 602.60 618.80 635.00 651.20 667.40
1170. 447.03 463.33 479.63 495.93 512.23 528.53 544.83 561.13 577.43 593.73 610.03 626.33 642.63 658.93 675.23
1180. 453.54 469.94 486.34 502.74 519.14 535.54 551.94 568.34 584.74 601.14 617.54 633.94 650.34 666.74 683.14
1190. 460.15 476.65 493.15 509.65 526.15 542.65 559.15 575.65 592.15 608.65 625.15 641.65 658.15 674.65 691.15
1200. 466.85 483.45 500.05 516.65 533.25 549.85 566.45 583.05 599.65 616.25 632.85 649.45 666.05 682.65 699.25
1210. 473.65 490.35 507.05 523.75 540.45 557.15 573.85 590.55 607.25 623.95 640.65 657.35 674.05 690.75 707.45
mo. 480.54 497.34 514.14 530.94 547.74 564.54 581.34 598.14 614.94 631.74 648.54 665.34 682.14 698.94 715.74
1230. 487.53 504.43 521.33 538.23 555.13 572.03 588.93 605.83 622.73 639.63 656.53 673.43 690.33 707.23 724.13
!240. 494.62 511.62 528.62 545.62 562.62 579.62 596.62 613.62 630.62 647.62 664.62 681.62 698.62 715.62 732.62
1250. 501.81 518.91 536.01 553.11 570.21 587.31 604.41 621.51 638.61 655.71 672.81 689.91 707.01 724.11 741.21
84
TABLE 12 FOR FINDING TEMPERATURE OF EXPOSED COLUMN ENGULFED IN FLAME (Continued)
Convective Heat Transfer Coefficient <(xz)
.30 .31 .32 .33 .34 .35 .36 .37 .38 .39 .40 .41 42 .43
.44
760. 429.56 441.76 453.96 466.16 478.36 490.56 502.76 514.96 527.16 539.36 551.56 563.76 575.96 588.16 600.36
770. 434.67 446.97 459.27 471.57 483.87 496.17 508.47 520.77 533.07 545.37 557.67 569.97 582.27 594.57 606.87
780. 439.83 452.23 464.63 477.03 489.43 501.83 514.23 526.63 539.03 551.43 563.83 576.23 588.63 601.03 613.43
790. 445.04 457.54 470.04 482.54 495.04 507.54 520.04 532.54 545.04 557.54 570.04 582.54 595.04 607.54 620.04
800. 450.31 462.91 475.51 488.11 500.71 513.31 525.91 538.51 551.11 563.71 576.31 588.91 601.51 614.11 626.71
810. 455.64 468.34 481.04 493.74 506.44 519.14 531.84 544.54 557.24 569.94 582.64 595.34 608.04 620.74 633.44
820. 461.0 I 473.81 486.61 499.41 512.21 525.01 537.81 550.61 563.41 576.21 589.01 601.1'1 614.61 627.41 640.21
830. 466.45 479.35 492.25 505.15 518.05 530.95 543.85 556.75 569.65 582.55 595.45 608.35 621.25 634.15 647.05
840. 471.94 484.94 497.94 510.94 523.94 536.94 549.94 562.94 575.94 588.94 601.94 614.94 627.94 640.94 653.94
850. 477.49 490.59 503.69 516.79 529.89 542.99 556.09 569.19 582.29 595.39 608.49 621.59 634.69 647.79 660.89
860. 483.10 496.30 509.50 522.70 535.90 549.10 562.30 575.50 588.70 601.90 615.10 628.30 641.50 654.70 667.90
870. 488.77 502.07 515.37 528.67 541.97 555.27 568.57 581.87 595.17 608.47 621.77 635.07 648.37 661.67 674.97
880. 494.50 507.90 521.30 534.70 548.10 561.50 574.90 588.30 601.70 615.10 628.50 641.90 655.30 668.70 682.10
890. 500.29 513.79 527.29 540.79 554.29 567.79 581.29 594.79 608.29 621.79 635.29 648.79 662.29 675.79 689.29
900. 506.15 519.75 535.35 546.95 560.55 574.15 587.75 601.35 614.95 628.55 642.15 655.75 669.35 682.95 696.55
910. 512.Q7 525.77 539.47 553.17 566.87 580.57 594.27 607.97 621.67 635.37 649.07 662.77 676.47 690.17 703.1'7
920. 518.05 531.85 545.65 559.45 573.25 587.05 600.85 614.65 628.45 642.25 656.05 669.85 683.65 697.45 711.25
930. 524.10 538.00 551.90 565.80 579.70 593.60 607.50 621.40 635.30 649.20 663.10 677.00 690.90 704.80 711'.70
940. 530.22 544.22 558.22 572.22 586.22 600.22 614.22 628.22 642.22 656.22 670.22 684.22 698.22 712.22 726.22
~ 950. 536.40 550.50 564.60 578.70 592.80 606.90 621.00 635.10 649.20 663.30. 677.40 691.50 705.60 719.70 73UO
0
.-,
960. 542.65 556.85 571.05 585.25 599.45 613.65 627.85 642.05 656.25 670.45 61'4.65 698.85 713.05 7:.7.25 741.45r:
--
970. 548.97 563.27 577.57 591.87 606.17 620.47 634.77 649.07 663.37 677.67 691.97 706.27 720.57 734.1'7 749.17~
=: 980. 555.36 569.76 584.16 598.56 612.96 627.36 641.76 656.16 670.56 61'4.96 699.36 713.76 728.16 742.56 756.96
E 990. 561.82 576.32 590.82 605.32 619.82 634.32 648.82 663.32 677.82 692.32 706.82 7:.1.32 735.82 750.32 764.82
"c.. 1000. 568.36 582.96 597.56 612.16 626.76 641.36 655.96 670.56 685.16 699.76 714.36 721'.96 743.56 758.16E 772.76
"r-
- 1010. 574.97 589.67 604.37 619.07 633.77 648.47 663.17 677.87 692.57 707.27 721.97 736.67 751.37 766.07 780.77OJE
596.45 611.25 640.85 655.65 670.45 685.25 700.05 714.85 729.65Vl !()20. 581.65 626.05 744.45 759.25 774.05 788.85
1030. 588.41 603.31 618.21 633.11 648.01 662.91 677.81 692.71 707.61 722.51 73741 752.31 767.21 782.11 797.01
1040. 595.24 610.24 625.24 640.24 655.24 670.24 685.24 700.24 715.24 730.24 745.24 760.24 775.24 790.24 805.24
1050. 602.16 617.26 632.36 647.46 662.56 677.66 692.76 707.86 722.96 738.06 753.16 768.26 783.36 798.46 813.56
1060. 609.15 624.35 639.55 654.75 669.95 685.15 700.35 715.55 730.75 745.95 761.15 776.35 791.55 806.75 821.95
1070. 616.22 631.52 646.82 662.12 677.42 692.72 708.02 723.32 738.62 753.92 769.22 784.52 799.82 815.12 830.42
1080. 623.37 638.77 654.17 669.57 684.97 700.37 715.77 731.17 746.57 761.97 777.37 792.77 808.17 823.57 838.97
1090. 630.60 646.10 661.60 677.10 692.60 708.10 723.60 739.10 754.60 770.10 785.60 801.10 816.60 832.10 847.60
1100. 637.91 653.51 669.11 684.71 700.31 715.91 731.5 J 747.11 762.71 778.31 793.91 809.51 825.11 840.71 856.31
1110. 645.31 661.01 676.71 692.41 708.11 723.81 739.51 755.21 770.91 786.61 802.31 818.01 833.71 849.41 865.11
1120. 652.80 668.60 684.40 700.20 716.00 731.80 747.60 763.40 779.20 795.00 810.80 826.60 842.40 858.20 874.00
1130. 660.37 676.27 692.17 708.07 723.97 739.87 755.77 771.67 787.57 803.47 819.37 835.27 851.17 867.07 882.97
1140. 668.02 61'4.02 700.02 716.02 732.02 748.02 764.02 780.02 796.02 812.02 828.02 84402 860.02 876.02 892.02
1150. 675.77 691.87 707.97 724.07 740.17 756.27 772.37 788.47 804.57 820.67 836.77 852.87 868.97 885.07 901.17
J 160. 683.60 699.80 716.00 732.20 748.40 764.60 780.80 797.00 813.20 829.40 845.60 861.80 878.00 894.20 910.40
1170. 691.53 707.83 724.13 740.43 756.73 773.03 789.33 805.63 821.93 838.23 854.53 870.83 887.13 903.43 919.73
1180. 699.54 715.94 732.34 748.74 765.14 781.54 797.94 814.34 830.74 847.14 863.54 879.94 896.34 91274 929.14
1190. 707.65 724.15 740.65 757.15 773.65 790.15 806.65 823.15 839.65 856.15 872.65 889.15 905.65 922.15 938.65
1200. 715.85 732.45 749.05 765.65 782.25 789.85 815.45 832.05 848.65 865.25 881.85 898.45 915.05 931.65 948.25
1210. 724.15 740.85 757.55 774.25 790.95 807.65 824.35 841.05 857.75 874.45 891.15 907.85 924.55 941.25 957.95
1220. 732.54 749.34 766.14 782.94 799.74 816.54 833.34 850.14 866.94 883.74 900.54 917.34 934.14 950.94 967.74
1230. 741.03 757.93 774.83 791.73 808.63 825.53 842.43 859.33 876.23 893.13 910.03 926.93 943.83 960.73 977.63
1240. 749.62 766.62 783.62 800.62 817.62 834.62 851.62 868.62 885.62 902.62 919.62 936.62 953.62 970.62 987.62
1250. 758.31 775.41 792.51 809.61 826.71 843.81 860.91 878.G1 895.11 912.21 929.31 946.41 963.5\ 980.61 997.71
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TABLE 12 FOR FINDING TEMPERATURE OF EXPOSED COLUM]'I; E~GL;LFED Il" FLAME (Continued)
Convective Heat Transfer Coefficient (az)
.45 .46 .47 .4R .49 50
760. 612.56 624.76 636.96 64<j.16 661.311 673.56
770. 619.17 631.47 643.77 656.07 668.37 6RO.67
780. 625.83 638.23 650.63 663.03 675.43 6R7.83
790. 632.54 645.04 657.54 670.04 682.54 695.04
800. 639.31 651.91 664.51 1177.11 689.71 702.31
810. 646.14 658.84 671.54 684.24 696.94 709.64
820. 653.01 665.81 678.61 691.41 704.21 717.01
830. 659.95 672.85 685.75 698.65 711.55 724.45
840. 666.94 679.94 692.94 705.94 718.94 731.94
850. 673.99 687.09 700.19 713.29 726.39 739.49
860. 681.10 694.30 707.50 720.70 733.90 747.10
870. 688.27 701.57 7/4.87 728.17 741.47 75477
880. 695.50 708.90 722.30 735.70 749.10 762.50
890. 702.79 716.29 729.79 743.29 756.79 770.29
900. 710.15 723.75 737.35 750.95 764.55 778.15
910. 717.57 731.27 744.97 758.67 772.37 786.07
920. 725.05 738.85 752.65 766.45 780.25 794.05
930. 732.60 746.50 760.40 774.30 788.20 802.10
940. 740.22 754.22 768.22 782.22 796.22 8\0.22




960. 755.65 769.85 784.05 798.25 812.45 826.65
......
970. 763.47 777.77 792.07 806.37 820.67 834.97'-"
~ 980. 771.36 785.76 800.16 814.56 828.96 843.36
"e 990. 779.32 793.82 808.32 822.82 837.32 851.82
OJ
c.. 1000. 787.36 801.911 816.56 831.16 845.76 860.36E
"i-
-;:; 1010. 795.47 810.17 824.87 839.57 854.27 868.97
~ 1020. 803.65 818.45 833.25 848.05 862.85 877.65rr.
1030. 811.91 826.81 841.71 856.61 871.51 886.41
1040. 820.24 835.24 850.24 865.24 880.24 895.24
1050. 828.66 843.76 858.86 873.96 889.06 904.[6
1060. 837.15 852.35 867.55 882.75 897.95 913.15
1070. 845.72 861.02 876.32 891.62 906.92 922.22
1080. 854.37 869.77 885.17 900.57 915.97 931.37
1090. 863.10 878.60 894.10 909.60 925.10 940.60
1100. 871.91 887.51 903.11 918.71 934.31 949.91
1110. 880.81 896.51 9\2.21 927.91 943.61 959.31
1120. 889.80 905.60 921.40 937.20 953.00 968.80
1130. 898.87 914.77 930.67 946.57 962.47 978.37
1140. 908.02 924.02 940.02 956.02 972.02 988.02
1150. 917.27 933.37 949.47 965.57 981.67 997.77
1160 926.60 942.80 959.00 975.20 991.40 1007.60
1170. 936.03 952.33 968.63 984.93 1001.23 1017.53
1180. 945.54 961.94 978.34 994.74 1011.14 1027.54
1190. 955.15 971.65 988.15 1004.65 1021.15 1037.65
1200. 964.85 981.45 998.05 1014.65 1031.25 1047.85
12/0. 974.65 991.35 1008.05 1024.75 1041.45 1058.15
1220. 984.54 100\.34 1018.14 1034.94 1051.74 1068.54
1230. 994.53 10 11.43 1028.33 1045.23 1062.13 1079.03
1240. 1004.62 /021.62 1038.62 1055.62 1072.62 1089.62
1250. 10\4.81 1031.91 1049.01 1066.11 1083.21 1100.31
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CONFIGURAnON FACfORS
From curve for value ofx and its intercept with the value olY, read ¢, configuration
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From curve for value ofx and its intercept with the value ofy, read cp, configuration
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From curve for value ofx and its intercept with the value ofy, read ¢, configuration
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From curve for value ofx and its intercept with the value ofy, read ¢J, configuration
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Tables on the following pages were developed by the procedures or analytical
analysis that make up the main body of this publication. Values are conservative
and should serve as design parameters that will restrict steel temperature to less
than critical magnitudes. For all the tables, an average value of 10 Ib./ft2
(50kg/m2 ) fire load density has been assumed.
Generally, for checking the location of exterior steel members, the use of these
tables may be the best means to achieve preliminary solutions. Once established
by tables, critical areas that may not be included in the tables, or that may have
widely differing combustible fire loads, can be checked by the mathematical
procedure and therebY verified for safety.
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Table A I Columns between windows
Plan shows flame deflection by wind. A = a or C. whichever is the larger.
A represents the minimum safe distance from window opening to edge ofcolumn.
Window Compartment width (W)
height (h) 30 ft 60ft 120 ft 240 ft
ft A(ft)
3 5 8.5 8.5 8.5
4 3 4 4.5 4.5
5 3 4 4 4
6 2.5 3.5 3.5 3.5
9 2 2.5 3 3
12 1.5 2 3 3
I" 1.5 2 2.5 2.5
- I I ( I r- ! \ '" i I i II \ , i
c---





I· 0t _0 0......; I
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.. --~-~ ~-_._. -w-- ---'--~~---~---1
WINO~
PLAN SHOWS FLAME DEFLECTION BY WIND, A= 0 OR C WHICHEVER IS THE LARGER
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Table Al Columns opposite windows-one wall
S represents the minimum safe clear distance from exterior wall face to column.
H Aw h D Values ofS for:
ft % ft ft W== 15 ft 30 ft 60 ft 120 ft 240 ft
9 100 9 IS 7 7 7 7 7
30 7 7 8 9 9
60 8 12 15 17 17
50 4.5 15 5 7 7 7 8
9 15 7 7 9 10 Jl
4.5 30 6 8 9 10 10
9 30 7 9 13 16 18
4.5 60 6 8 9 10 10
9 60 7 8 12 15 18
25 2.25 15 4 4 4 4 4
9 15 7 7 9 13 16
2.25 30 3 3 3 3 3
9 30 7 7 8 II 14
2.25 60 3 3 3 3 3
9 60 7 7 7 7 7
12 100 12 15 9 9 9 9 9
30 9 9 9 9 9
60 9 II 14 16 17
50 6 15 5 6 6 6 6
12 IS 9 9 9 9 9
6 30 7 9 II 12 12
12 30 9 9 13 16 18
6 60 7 9 11 12 12
12 60 9 10 15 20 24
25 3 15 4 5 5 6 6
12 15 9 9 9 13 17
3 30 3 3 4 4 4
12 30 9 9 10 15 20
3 60 3 3 3 3 3
12 60 9 9 9 12 16
IS 100 15 15 II Jl II II II
30 11 II II II II
60 II II 12 13 14
50 7.5 15 6 6 6 6 6
IS 15 II 11 II II 11
7.5 30 7 9 II 12 12
15 30 Jl Jl II 15 16
7.5 60 7 9 II 12 12
15 60 II II 16 22 27
25 3.75 15 5 6 7 7 7
15 15 11 Jl II 12 16
3.7S 30 4 5 6 7 7
15 30 JI II II 17 23
3.75 60 4 4 4 4 4
15 60 II II II 17 23
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TableA3 Columns opposite windows-two waUs
S represents the minimum safe clear distance from exterior wall face to column.
H Av. h D ValuesofS for:
ft % ft ft W=30ft 60 ft 120 ft 240 ft
9 100 9 30 7 7 7 7
9 60 7 7 12 15
9 120 7 12 16 19
9 240 7 15 19 19
50 4.5 30 7 9 9 10
9 30 7 10 14 17
4.5 60 9 9 9 9
9 60 10 12 17 19
4.5 120 9 9 7 5
9 120 14 17 16 15
4.5 240 10 9 5 4
9 240 17 19 15 9
~ 25 2.25 30 5 4 3 3w. 9 30 7 9 13 15~ 2.25 60 4 3 3 3
I, I 9 60 9 9 10 10
I 2.25 120 3 3 3 3H
J 9 120 13 10 7 7
"-
2.25 240 3 3 3 3
/
/' 9 240 15 10 7 7~,
"'"-0 ,...5 12 100 12 30 9 9 9 9~/ 12 60 9 9 9 9
12 120 9 9 15 21
12 240 9 12 21 25
50 6 30 8 8 10 II
12 30 9 9 13 16
6 60 8 II 13 13
12 60 9 12 18 23
6 120 10 13 12 11
12 120 13 18 20 24
6 240 11 13 11 11
12 240 16 23 24 24
25 3 30 5 6 5 5
12 30 9 lO 15 20
3 60 6 5 3 3
12 60 10 II 15 18
3 120 5 3 3 3
12 120 15 15 13 12
3 240 5 3 3 3
12 240 20 18 12 12
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TableA3 Columns opposite windows-two walls (continued)
S represents the minimum safe dear distance from exterior wall face to column.
H Aw h D ValuesofS for:
ft % ft ft W=30ft 60 ft 120 ft 240ft
15 100 15 30 II II II 11
15 60 11 II II II
15 120 II II II 19
15 240 II II 19 26
50 7.5 30 6 7 9 10
15 30 II II II 13
7.5 60 7 10 14 IS
15 60 II II 18 24
7.5 120 9 14 IS 16
15 120 II 18 22 29
7.5 240 10 15 16 16
15 240 13 24 29 29
25 3.75 30 8 8 8 7
15 30 II II 16 23
3.75 60 8 8 6 5
15 60 11 II 17 23
3.75 120 8 6 4 4
15 120 16 17 17 20
3.75 240 7 5 4 4
15 240 23 23 20 14
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SPANDREL BEAMS
Table A4 Spandrel beam "ith shielded flanges
(no draft)
Because these beams are so close to the emerging flames. it is noonaUy necessary to insulate and
shield the flanges as shown in Table A4. Depending on the flame behaviour. there must be a min-
imum beam height to give sufficient area ofweb to cool to the surrounding air. This minimum
height. b. ofthe web can be related to the window height h. as shown in Table A4. In addition.
where there are windows in opposing walls. the emerging flame in through draft conditions
should be deflected by a plate or awning as illustrated in Table AS. The horizontal projection. p. of
the deflector is related to the web height. b. and the window height. h. as shown in Table A 5.
Table A5 Spandrel beam with flamedeftector
(through draft conditions)
',~
_0_
96
Window
height(h)
ft
3
4
5
6
overo
Window
height(h)
ft
3
4
5
6
9
12
15
Minimum
web height (b)
ft
o
3
2
Minimum deflector width
web height
(p/b )dimensionless
1.0
0.9
0.85
0.8
0.75
0.70
0.65
